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Abstract 
In this thesis an extensive energy retrofit of an existing residential building will be pre-
sented. The scope of this study, is not to catch the minimum demands, but to explore 
two of the most popular prototypes, aiming a building of a net zero energy operational 
cost. The first energy type will be based on Greek legislation the technical directive 
TOTEE 20701-1/2017 as revised according to the 4122/2013 law and is valid today and 
the second on the prototype of the Passive House Institute (PHI). 
 This residential building, is located in Giannitsa, Greece and it is constructed in 1992, 
and after the energy inspection and visiting to the space, many construction weaknesses 
were found. 
In order to study in depth, were designed three different scenarios according to the di-
rections of the Greek legislation (TOTEE 20701-1/2017) and three different scenarios 
based on the Passive house prototype. In this study, will be proposed and explained 
several techniques for the reduction of energy demand of the model s. 
Additionally, all the scenarios were compared not only in climatic zone C that have de-
signed, but also in climatic zone A and D due to the fact that they are the two zones with 
the most extreme weather conditions. The cost, the payback period and some possible 
difficulties were analyzed in implementation of these models.  
The suggested building models were designed in AutoCAD and the simulation was made 
with the software GCAD 4M that uses the calculation method of TOTEE 20701-1/2017 
for both of the two retrofit methods. 
Also, the Adapt Fine 4M for a study in accordance with ELOT EN 12831 for the heat losses 
calculations and the same software for a study in accordance with ASHRAE RTS for the 










ENERGY ANALYSIS OF DIFFERENT ENERGY TYPES OF BUILDINGS 
TOWARDS ENVIRONMENTALLY FRIENDLY SOLUTIONS ..............................I 
ABSTRACT ...........................................................................................................III 
CONTENTS........................................................................................................... IV 
1 LITERATURE REVIEW .................................................................................... 7 
1.1 CLIMATE CHANGE .......................................................................................... 7 
1.2 EUROPEAN GREEN POLICIES ......................................................................... 8 
1.3 ENERGY PERFORMANCE IN RESIDENTIAL BUILDINGS ...................................... 9 
1.4 ACHIEVING A NET-ZERO BUILDING VIA RETROFIT ........................................... 10 
1.5 BUILDING RETROFIT COMMON PRACTICES ..................................................... 12 
1.6 RETROFIT BASED ON THE PASSIVE HOUSE ................................................. 13 
2 DESCRIPTION OF THE BUILDING .............................................................. 15 
2.1 SELECTED BUILDING PLANS ......................................................................... 25 
2.2 THE CLIMATE ............................................................................................... 29 
2.3 STUDIED ENERGY TYPES ............................................................................. 32 
2.4 LEGISLATIVE FRAMEWORK OF THE STUDY .................................................... 34 
2.4.1 EPBD Directive 2010/31/EU  ......................................................... 34 
2.4.2 Thermal heat losses of the building  .............................................. 41 
2.4.3 Cooling loads calculation............................................................... 46 
2.5 INSPECTION OF THE CURRENT STATE ENERGY  EFFICIENCY .......................... 53 
2.5.1 Envelope ........................................................................................ 55 
2.5.2 Openings ...................................................................................... 58 
2.5.3 HVAC............................................................................................ 59 
2.5.4 Results.......................................................................................... 61 
3 RETROFIT BASED ON KENAK .................................................................... 64 
3.1 SCENARIO 1 ............................................................................................. 65 
3.2 SCENARIO 2 ............................................................................................. 80 
  -v- 
3.3 SCENARIO 3 ............................................................................................. 82 
3.4 COMPARING SCENARIOS BASED ON KENAK ................................................ 84 
4 RETROFIT BASED ON PASSIVE HOUSE................................................... 88 
4.1 SCENARIO 1 ................................................................................................. 91 
4.1.1 Envelope......................................................................................... 91 
4.1.2 Openings  ........................................................................................ 96 
4.1.3 Thermal Bridges ........................................................................... 103 
4.1.4 Airtightness................................................................................... 108 
4.1.5 H.V.A.C ......................................................................................... 110 
4.1.6 Results .......................................................................................... 115 
4.2 SCENARIO 2 ............................................................................................... 117 
4.2.1 Results .......................................................................................... 118 
4.3 SCENARIO 3 ............................................................................................... 119 
4.3.1 Results .......................................................................................... 120 
4.4 COMPARISON OF THE PROPOSED PASSIVE HOUSE SCENARIOS ................... 122 
1 COMPARING THE DOMINANT SCENARIOS ........................................... 125 
5.1 COMPARING THE DOMINANT SCENARIOS IN DIFFERENT CLIMATIC ZONES...... 127 
2 CONCLUSIONS ............................................................................................ 129 
3 BIBLIOGRAPHY ........................................................................................... 131 
4 APPENDIX..................................................................................................... 135 
8.1 APPENDIX 1: SOLAR PANEL FINANCIAL OFFER............................................ 135 
8.2 APPENDIX 2: UNDERFLOOR DISTRIBUTION SYSTEM FINANCIAL OFFER AND 
TECHNICAL DIRECTIONS. ................................................................................... 135 
8.3 APPENDIX 3: SPLIT TYPE AIR CONDITION FINANCIAL OFFER.......................... 135 
8.4 APPENDIX 4: HEAT PUMPS FINANCIAL OFFER .............................................. 135 
8.5 APPENDIX 5: HEAT PUMPS MANUFACTURERS CERTIFICATION ..................... 135 
8.6 APPENDIX 6: SPLIT TYPE AIR-CONDITION MANUFACTURERS CERTIFICATION 135 
8.7 APPENDIX 7: MECHANICAL VENTILATION CERTIFICATION ............................ 135 
8.8 APPENDIX 8: INSULATION MATERIALS FINANCIAL OFFER ............................. 135 
8.9 APPENDIX 8: OPENINGS FINANCIAL OFFER. ................................................ 135 








  -7- 
1 Literature Review 
1.1 Climate Change 
Climate change as a various problem of our times, means the change of the global cli-
mate and in particular changes in meteorological conditions extending to large time 
scale. In the United Nations Framework Convention on Climate Change (UNFCC), climate 
change is defined in particular the climate change due directly or indirectly to human 
activities, distinguishing the term from climate variability that has natural causes. 
Temperatures are rising, rainfall characteristics are changing, glaciers and snow are 
melting and the global average sea level is rising. The increase in temperature is proba-
bly mainly due to the observed increase in atmospheric concentrations of greenhouse 
gases as a result of emissions from human activities. To mitigate the effects of climate 
change, we must reduce these emissions or ensure that their production is prevented.  
During the 50-year-old, and mostly the need to burn fossil fuels have caused an increase 
in the amounts of carbon dioxide and other gases - the so-called "greenhouse gases". 
These gases absorb the infrared radiation emitted by the Earth, instead of  she is allowed 
to escape in time. Due to the climatic character phenomenon is accompanied by addi-
tional heat production at the lowest atmospheric climates. (European commission,2018) 
Especially, the last 100 years the global temperature has increased by 0.75 oC about, 
while the last 25 years, the global warming rate has risen to above 0.18 oC per decade. 
The rise in ambient temperature threatens to: 
 lead to higher levels of certain air pollutants. 
 to increased disease transmission through wastewater and contaminated food.  
 jeopardize agricultural production in some of the lesser developed countries.  




1.2 European Green Policies  
The EU is facing the climate change through different policies at residential buildings 
and close cooperation with international partners. 
The EU's first package of climate and energy measures was agreed in 2008 and sets tar-
gets for 2020.  
1. reducing greenhouse gas emissions by 20% (compared to 1990)  
2. increasing the share of renewable energy to 20% 
3. making a 20% improvement in energy efficiency 
To achieve these goals, the EU has developed, and later reformed, the EU emissions 
trading system (ETS) which aims to cut down greenhouse gas emissions in particular 
from energy-intensive industries and power plants. In the buildings, transport and agri-
culture sectors, national emission targets have been set, as part of the effort sharing 
regulation. 
 The EU is already ahead of these targets. By 2018, greenhouse gas emissions had 
been reduced by 23%, that is three percentage points above the initial 20% tar-
get. (European Commission,2020) 
The 2030 goals 
In 2014, the 2030 climate and energy framework were agreed with an even more ambi-
tious set of targets for the period 2021-2030. 
 By these targets, the EU is committed to cutting its greenhouse gas emissions by: 
1. at least 40% by 2030, compared to 1990.    
2. at least 32% share for renewable energy 
3. at least 32.5% improvement in energy efficiency 
 The framework contains policies and goals to make the EU's economy and energy 
system more competitive, secure and sustainable. It also reformed the ETS, 
adopted monitoring and reporting rules, and stated the need for national climate 
and energy plans and long-term strategies. (European Commission,2020) 
The EU's long-term climate strategy (2050 goals) 
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 In December 2019, EU leaders endorsed the objective of achieving a climate-
neutral EU by 2050. Poland could not commit at that stage to implement this 
objective and the European Council will discuss the matter again in June 2020.  
(European Commission,2020) 
1.3 Energy Performance in Residential Buildings  
The building sector is crucial for achieving the EU's energy and environmental goals. At 
the same time, better and more energy efficient buildings improve the quality of citi-
zens' life while bringing additional benefits to the economy and the society. (European 
Commission,2020) 
To boost energy performance of buildings, the EU has established a legislative frame-
work that includes Directive amending the Energy Performance of Buildings Directive 
(2018/844/EU) and the Energy Efficiency Directive 2012/27/EU. Together, the directives 
promote policies that will help 
 achieve a highly energy efficient and decarbonized building stock by 2050 
 create a stable environment for investment decisions 
 enable consumers and businesses to make more informed choices to save en-
ergy and money 
Following the introduction of energy performance rules in national building codes, 
buildings today consume only half as much as typical buildings from the 1980s.  
Facts according to European commission: 
 Buildings are responsible for approximately 40% of EU energy consumption and 
36% of the greenhouse gas emissions. Buildings are therefore the single largest 
energy consumer in Europe. (European Commission,2020) 
 At present, about 35% of the EU's buildings are over 50 years old and almost 75% 
of the building stock is energy inefficient. At the same time, only about 1% of the 
building stock is renovated each year. (European Commission,2020) 
 Renovation of existing buildings can lead to significant energy savings, as it could 
reduce the EU’s total energy consumption by 5-6% and lower CO2 emissions by 




1.4 Achieving a net-zero building via Retrofit 
The concept of a Net Zero Energy Building (NZEB) (WBDG,2016), one which produces as 
much energy as it uses over the course of a year, has been evolving from research to 
reality. Currently, there are only a small number of highly efficient buildings that meet 
the criteria to be called "Net Zero". As a result of advances in construction technologies, 
renewable energy systems, and academic research, creating Net Zero Energy buildings 
is becoming more and more feasible. 
Definition 
As the "zero energy" and "net zero energy" concepts are relatively new, there are not 
yet definitive, widely accepted zero-energy metrics. The Department of Energy (DOE) 
and the National Renewable Energy Laboratory (NREL) have spearheaded much of the 
work on net zero energy buildings to date. NREL presents several definitions for "net 
zero energy", and they encourage building designers, owners, and operators to select 
the metric that best fits their project. The NREL publication Zero Energy Buildings ex-
plores definitions in detail, and it suggests four ways in which net zero energy may be 
defined: Net Zero Site Energy, Net Zero Source Energy, Net Zero Energy Costs, Net Zero 
Energy Emissions 
 Site Energy, refers to the energy consumed and generated at a site, regardless 
of where or how that energy originated. In a net zero site energy building, for 
every unit of energy the building consumes over a year, it must generate a unit 
of energy. 
 Source Energy, refers to primary energy needed to extract and deliver energy 
to a site, including the energy that may be lost or wasted in the process of gen-
eration, transmission and distribution 
 Net Zero Energy Cost is perhaps the simplest metric to use: it means that the 
building has an energy utility bill of 0 euro over the course of a year. In some 
cases, building owners or operators may take advantage of selling Renewable 
Energy Credits (RECs) from on-site renewable generation. 
Many conventional energy sources result in emissions of carbon dioxide, nitrogen ox-
ides, sulfur dioxide, etc. A Net Zero Energy Emissions building either uses no energy 
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which results in emissions or offsets the emissions by exporting emissions-free energy 
(typically from on-site renewable energy systems). 
Most Net Zero Energy Buildings are still  connected to the electric grid, allowing for the 
electricity produced from traditional energy sources (natural gas, electric, etc.) to be 
used when renewable energy generation cannot meet the building's energy load. When, 
conversely, on-site energy generation exceeds the building energy requirements, the 
surplus energy should be exported back to the utility grid, where allowed by law. The 
excess energy production offsets later periods of excess demand, resulting in a net en-
ergy consumption of zero. Due to current technology and cost limitations associated 
with energy storage, grid connection is usually necessary to enable the Net Zero Energy 
balance. Differences in how utilities and jurisdictions address payment for energy that 
is exported from the building into the grid can impact project economics and should be 
carefully evaluated. 
Minimizing the energy consumption 
Regardless of the definition or metric used for a Net Zero Energy Building, minimizing 
the energy use through efficient building design should be a fundamental design crite-
rion and the highest priority of all NZEB projects. Energy efficiency is generally the most 
cost-effective strategy with the highest return on investment, and maximizing efficiency 
opportunities before developing renewable energy plans will minimize the cost of the 
renewable energy projects needed. Using advanced energy analysis tools, design teams 
can optimize efficient designs and technologies. 
Energy efficiency measures include design strategies and features that reduce the de-
mand-side loads such as high-performance envelopes, air barrier systems, daylight-
ing, sun control and shading devices, careful selection of  windows and glazing, passive 
solar heating, natural ventilation, and water conservation. 
Once building loads are reduced, the loads should be met with efficient equipment and 
systems. This may include energy efficient lighting, electric lighting controls, high-per-
formance HVAC, and geothermal heat pumps. Energy conversion devices such as com-
bined heat and power systems, fuel cells, and micro turbines do not generate renewable 
energy. Instead, they convert fossils fuel energy into heat and electricity and are can be 





1.5 Building retrofit common practices 
According to building retrofit measures there are three different approaches  
(Ma Z., et al 2012). 
The most frequent approach focuses in the demand side. (Ascione F., et al 2017) This 
approach intends to the reduction of the energy demand in buildings through advanced 
technologies, as roof and external walls thermal insulation, multi glazed low- emissivity 
windows, high performance heat recovery in mechanical ventilation systems, lighting 
retrofit, and other passive technologies as shading systems. (Friedman C., et al 2018). 
The second retrofit orientation focuses on the supply side, by renewable energy sources, 
as solar thermal, photovoltaic systems, geothermal or biomass. (Bolliger, R., et al 2015).  
Lastly the third approach focuses in the reduction of the energy consumption by chang-
ing the consumption patterns. This involves human factors, as different internal comfort 
requirements, occupancy, schedule, maintenance and intelligent control systems. 
(Bartherlmes, V., et al 2019). 
In a list of eight energy efficiency measures was suggested and combined into various 
options of possible energy retrofit scenarios. The most scenarios implementing tech-
niques as thermal insulation appliance (different insulation materials and the most com-
mon were EPS and rockwool), windows replacement (different frames and glazes), heat-
ing ventilation and air conditioning systems upgrading, photovoltaic systems and solar 
panel systems appliance. Also, in various combinations of interventions were again pro-
posed as alternative design scenarios, 
including thermal insulation, window replacement, shading systems, heating/cool-
ing/domestic hot water installation replacement, photovoltaic panels, solar heating, and 
automation systems. In, two different scenarios in two residential buildings a mechani-
cal ventilation system with heat recovery was tested on two residential buildings, and a 
comparative analysis was conducted before and after its installation. (Luddeni, G., et al 
2018). 
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1.6 Retrofit based on the Passive House 
In this section, the characteristics of two specific passive houses will be presented. 
Passive house in Crete 
  
Picture 4.1: Passive house in Agios Nikolaos, Crete (source: eipak) 
This is a house in Agios Nikolaos (shown in picture 4.1), solid construction. It has a bal-
anced mechanical ventilation system with heat recovery and an efficiency of 82%. The 
heating requirement has been calculated for a minimum internal temperature of 22.5 
C˚ and is covered by an air-to-air heat pump. The 4 m2 solar panels that have been in-
stalled cover the requirement for Hot Water. A 25 m2 photovoltaic system has also been 
installed for the electrical support of the house. This energy produced from renewable 
sources reaches the value of 132 kWh / (m² * time) and exceeds the primary energy 
needs of the building. 
 Air-conditioned Area: 170 m2 




 Cooling Demand: 0 kWh / m2 / year 
 Primary Energy: 30 kWh / m2 / year 
 Architect: Stefanos Hatzoulis 
(EIPAK,2020) 
Traditional residential buildings in Agria, Volos 
 
Picture 4.2: Traditional residential buildings in Agria, Volos (source: eipak) 
 
Three Passive traditional houses (shown in picture 4.2), of solid construction, are located 
in Agria, Volos. The building has a geo-exchanger system, mechanical ventilation system 
and the Heating - Cooling needs are fully covered by an air conditioning system. Special 
solar panels have been installed to cover the Hot Water requirement of a 300-liter tank 
for each house. 
 Air-conditioned Area: 477 m2 
 Heating demand: 14 kWh / m2 / year 
 Cooling Demand: 0 kWh / m2 / year 
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 Primary Energy: 86 kWh / m2 / year 
 Architect: XG group of engineers 
 Energy Study: XG group of engineers 
 Certification: EIPAK 
(EIPAK,2020) 
 
2 Description of the Building  
 
Picture 2.1: Location of the Plot 
The selected residential building (as presented in picture 2.1) was built in 1992, in Pella, 
Greece and it has an unheated basement and 2 more floors (Ground Floor and First 






 Unheated space: 86,3 m2 (Basement) 
 Heated space: 92,11 m2 (Ground Floor) and 81,04 (First Floor)  
 The skeleton of the building is made from reinforced concrete, with the minimal 
thermal insulation in the outer side. 
 The walls are made from 2 series of bricks, with no thermal insulation in be-
tween. 
 The roof of the building is made from concrete covered by ceramic roof tiles.  
 The external openings are double glazed 12mm with wooden frames.  
Building’s HVAC: 
 Heating is achieved through an 35kW Oil Boiler that operates at 70 C.  
 Cooling is achieved through split-type Air condition units. For the ground floor a 
5,3 kW and an 6,3 kW for the first floor, due to the fact that the first floor has 
more loads from the uninsulated roof. 
  The domestic Hot water is produced through the oil boiler. 
 
Following some photographs of the building are presented in pictures 
2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9, in order to provide a more concrete view of the 
construction details of the studied building. 
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Picture 2.2: External West View 
 
As we can observe (picture 2.2), the plot of the building is surrounding with plants and 
green, also it seems that   the building has many large wooden openings, facing West, 
without shading elements, not even roller shutters. Also, the building is exposed in all 





Picture 2.3: External photograph, South 
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On the other side (picture 2.3), there are some small openings facing South, but there 
are many trees that, do not allow the sun penetrate the house during winter.
 
Picture 2.4: External Photograph East 
As it is shown in picture 2.4, there is a pipe from the kitchen, penetrating the wall,  help-
ing the involuntary ventilation. Also, as we can observe the east side is well shaded, and 





Picture 2.5: External Photograph of the entrance 
 Picture 2.5 shows a Large wooden door as entrance, with airtightness issues and glass 
elements, facing South. 
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Picture 2.6: Large Opening facing West, without shutters 
A large opening in picture 2.6, facing West, with a radiator next to it, in order to cover 





Picture 2.7: Opening with airtightness issues 
 In picture 2.7 there is a wooden opening placed on the marble, without thermal brakes 
around it and with serious issues of airtightness. 
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Picture 2.8: Heating System oil boiler 
In picture 2.8 is an old heating boiler, at 68 o C operational temperature, that is recently 
maintained but it is still in a bad condition. This boiler is used for heating and domestic 





Picture 2.9: Distribution system in bad condition and uninsulated. 
 There is an insulated, distribution system in picture 2.9 and in a but condition that is 
caused for many heat losses.  
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2.1 Selected Building Plans 
 
Picture 2.10: Views (1. West, 2. East, 3. South) 
In picture 2.10 the West, East and North side of the building, as schematic cross section 
presented. As it can observed, the building is oriented, in such a way that has the most 





Picture 2.11: Basement (Unheated Space) 
In picture 2.11 it is shown the drawing of the unheated basement that is in contact with 
the ground. 
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Picture 2.12: Ground Floor (Heated Space) 
In picture 2.12 is presented the drawing of the next floor that is in contact with the 
basement, and as it is presented it contains the living room, the kitchen, a visitor Wc, 





Picture 2.13: 1st Floor (Heated space) 
In picture 2.12 it is shown the drawing of the next floor and as it is presented it contains 
three bedrooms, the main WC and it is in contact with the roof. 
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2.2 The Climate  
 
Graph 2.14: The mean minimum and maximum temperatures over the year. 
(source :https://www.un.org/en/sections/issues-depth/climate-change/) 
As it is presented from the graph 2.14: 
 On average, the warmest month(s) are June, July and August. 
 On average, the warmest month is July. 
 On average, the coolest month is January. 
 The average annual maximum temperature is: 20.0° Celsius (68° Fahrenheit)  
 The average annual minimum temperature is: 9.0° Celsius (48.2° Fahrenheit)  
 
 
Graph 2.15: The average monthly total hours of sunshine over the year. 
(source: https://www.un.org/en/sections/issues-depth/climate-change/) 
According to the graph 2.15: 
 On average, July is the sunniest. 






Graph 2.16: The mean percent of sun hours during the day over the year 
(source: https://www.un.org/en/sections/issues-depth/climate-change/) 
As it is shown in figure 2.16: 
 On average, August is the sunniest. 
 On average, December has the lowest amount of sunshine. 
 
Graph 2.17: The mean water temperature over the year. 
(source: https://www.un.org/en/sections/issues-depth/climate-change/) 
According to the graph 2.17: 
 On average, August has the hottest water temperature. 
 On average, March has the coldest water temperature. 
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Graph 2.18: The mean monthly precipitation over the year, including rain, snow, hail etc. 
(source: https://www.un.org/en/sections/issues-depth/climate-change/) 
As it is presented in graph 2.18: 
 On average, November is the wettest month. 
 On average, August is the driest month. 
 The average amount of annual precipitation is: 458.0 mm (18.03 in)  
 
Graph 2.19: The mean monthly relative humidity over the year. 
(source: https://www.un.org/en/sections/issues-depth/climate-change/) 
Regarding the relative humidity, as it shown in graph 2.19: 
 On average, December is the most humid. 
 On average, July is the least humid month. 





Graph 2.20: The mean monthly wind speed over the year (in meters per second) 
(source: https://www.un.org/en/sections/issues-depth/climate-change/) 
Concluding, as it is shown it the graph 2.20: 
 On average, the most wind is seen in September. 
 On average, the least wind is seen in September. 
2.3 Studied Energy Types 
1. Current situation (a residential type designed according to an insulation regula-
tion). An existing building constructed in 1992 in Central Macedonia. This build-
ing has serious energy losses caused by the lack of insulation, shading elements 
and an old heating boiler. 
2. Three retrofit scenarios of a zero-energy cost building that produces enough re-
newable energy to meet its own annual energy consumption requirements ren-
ovation of this residential building accordingly with the Greek regulations TOTEE 
2017. 
3. Three retrofit scenarios based on Passive house prototype. 
 For a building to be considered a Passive House, it must meet the following cri-
teria: 
  The Space Heating Energy Demand should not exceed 15 kWh per square meter of 
net living space (treated floor area) per year or 10 W per square meter peak demand. 
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 In climates where active cooling is needed, the Space Cooling Energy Demand re-
quirement roughly matches the heat demand requirements above, with an addi-
tional allowance for dehumidification. 
  The Renewable Primary Energy Demand (PER, according to PHI method), the total 
energy to be used for all domestic applications (heating, hot water and domestic 
electricity) must not exceed 60 kWh per square meter of treated floor area per year 
for Passive House Classic. 
 In terms of Airtightness, a maximum of 0.6 air changes per hour at 50 Pascals pres-
sure (ACH50), as verified with an onsite pressure test (in both pressurized and de-
pressurized states). 
 Thermal comfort must be met for all living areas during winter as well as in summer, 
with not more than 10 % of the hours in a given year over 25 °C.  
 All of the above criteria are achieved through intelligent design and implementation 
of the 5 Passive House principles: thermal bridge free design, superior windows, ven-
tilation with heat recovery, quality insulation and airtight construction. 
Following design standards, the first step in the design, in order to achieve a net-
zero energy building is important to define the sources and inputs that would be 
necessary to quantify the outputs and check what it needs to balance the net-energy 
consumed. The next step is to simulate the energy consumption using various energy 
modeling techniques and tools to optimize the following: 
 Building orientation 
 Glazing area, exposure, and shading 
 Heat island reduction 
 Lighting systems and capacities 
 Temperatures, humidity, and relative humidity levels 
 Landscaping 
 Natural resources 




2.4 Legislative Framework of the Study 
2.4.1 EPBD Directive 2010/31/EU 
The European Union issued the Energy Performance of buildings directive (EPBD) (Euro-
pean Union,2021) which all member states (as Greece) had the obligation to implement 
in their legislation. In Greece the implementation of EPBD was made through the legis-
lation of KENAK. The Greek parliament voted the low 3661/2008 (Action for the reduc-
tion of the energy consumption of buildings and further provisions) implementing the 
2020/91/EP. Additional, the revised EPBD as suggested in the directive 2010/31/EU, was 
implemented in the Greek legislation through the law 4122/2013. Until then, all the new 
buildings and the deep retrofits, in Greece implement the directives of the law 
4122/2013.Furhtermore, the Greek government has not yet implemented the recast of 
EPBD of 2018. 
The preparation of an energy efficiency study is mandatory under Law must follow the 
Technical Guidelines of the Technical Chamber of Greece (TGG) were drawn up in sup-
port of the regulation as they apply updated. In particular, the energy efficiency study is 
based on the following TOTEE 20701-1/2017.: 
 20701-1/2017: "Analytical National Parameter Specifications for the Calculation 
of Energy Efficiency of Buildings and the Issue of an Energy Efficiency Certificate" 
(TGG,2017a) 
 20701-2/2017: "Thermophysical properties of building materials and control of 
the thermal insulation adequacy of buildings (TGG,2017b) 
 20701-3/2014: "Climate data of Greek cities" (TGG,2017c) 
According to the KENAK the building must be design taking into consideration the 
following: 
 Design of the building 
At this study we have an existing building, so there are not too many things to 
deal with in order to improve it. Some very important things that we have to take 
into consideration are the placement of the building and its orientation on the 
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plot, the openings and the possible thermal bridges, due to the design and the 
architecture of the building. 
(TGG,2017) 
 Shading of the building 
According to the regulation there is a need for shading elements as pergolas or 
mobile sun protections. In this building, observing the orientation in combination 
with the openings or other structural elements, we can observe that the most 
openings and the most of the buildings surface is facing West. Thus, it is very 
important to provide the most suitable shading elements in order to deal with 
the penetration of the Sun, in order to take advantage during Winter and avoid 
it during Summer. This simple technique can help us to regulate the energy bal-
ance of the building. 
(TGG,2017) 
 Natural Lighting 
According to KENAK natural lighting must exist in all areas of the building. In the selected 
building the openings exist in all separate areas of the house, providing sufficient natural 
lighting to all areas (TGG,2017). 
 Natural Ventilation 
According to KENAK natural ventilation must exist in all areas of the building. In the se-
lected building the openings exist in all separate areas of the house, providing sufficient 
natural ventilation to all areas. (TGG,2017) 
 Passive Solar Systems 
According to KENAK at least one passive solar system must be installed to the building. 
(TGG,2017) 
 Configurating Outer Area in order to improve the area’s microclimate  
According to KENAK the outer area must be configurated in order to improve the micro-
climate of the area. This selected building although is located in the center of the town, 





For the calculation of the energy efficiency of each part of the building with different 
main use, the data of the various parameters and technical quantities are determined 
as defined in article 5 of K.E.N.A.K. and in the relevant Τ.Ο.Τ.Ε.Ε. 20701-1 / 2017. During 
the application of the calculation methodology in the specific building and per study 
section, the following parameters and data were taken into account: 
 The use of the building, Residential Building, 
 The desired conditions of indoor environment (temperature, humidity, ventila-
tion, etc.) and the operating characteristics of the building (opening hours, inter-
nal profits, etc.). 
 The climatic data of the area of the building (temperature, relative and absolute 
humidity, solar radiation). 
 The geometric characteristics of the structural elements of the building shell 
(shape and form of the building, transparent and non-transparent surfaces, awn-
ings, etc.), their orientation, the characteristics of the internal structural ele-
ments (eg internal walls) and others. 
 The thermal characteristics of the structural (transparent and non-transparent) 
elements of the building shell, such as: thermal permeability, thermal mass, ab-
sorption in solar radiation, permeability in solar radiation, etc.  
 The technical characteristics of the space heating installation, such as: the type 
of thermal energy production unit, their efficiency, the losses in the hot water 
distribution network, the type of terminal units, etc. 
 The technical characteristics of the refrigeration / air conditioning installation, 
such as: the type of refrigeration units, their efficiency, the losses in the distribu-
tion network, the type of terminals, etc. 
 The technical characteristics of the DHW production plant, such as: the type of 
domestic hot water production unit, its efficiency, the losses of the domestic hot 
water distribution network, the storage system, etc. 
 The technical characteristics of the lighting installation regarding the premises of 
the stores. 
 The passive solar systems selected from the design study for the building.  
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 The installation of solar panels to cover part of the load for DHW. 
The following tables (2.21, 2.22, 2.23) are presenting the design parameters and the 
requirements of the algorithm of the KENAK (Τ.Ο.Τ.Ε.Ε. 20701-1 / 2017): 
Table 2.21: Internal Operating Conditions (Τ.Ο.Τ.Ε.Ε. 20701-1 / 2017) 
Internal Operating Conditions According to KENAK 
Operating Hours 18 
Operating Days 7 
Operating Months 12 
Heating Period 1/11 until 15/4 
Cooling Period 15/5 until 15/9 
Mean Internal Heating Temperature (°C) 20 
Mean Internal Cooling Temperature (°C) 26 
Mean Internal Relative Humidity during 
Winter Time (%) 
40 
Mean Internal Relative Humidity during 
Summer Time (%) 
45 
Fresh Air Requirement (m3/h/m²) 0.75 
Lighting Level (lux) 200 
Lighting Power per Unit Area for Reference 
Building (W/m²) 
6.4 
Annual Hot Water Consumption (m3/m²an-
nual) 
1.93 
Average Desired Hot Water Temperature 
(°C) 
45 
Average Annual Temperature of the Water 
of the Supply Network (°C) 
17.6 
Temperature Released by Users per unit 
area of the thermal zone (W/m²) 
4.0 
Average User Presence Rate 0.75 
Temperature released by devices per unit 
area of the thermal zone (W/m²) 
8.40 





The existing building is located is climatic zone C. So, the desirable data are presented 
with red color:  
Table 2.22: Maximum U Values per Climate Zone for Construction Elements 
 (Τ.Ο.Τ.Ε.Ε. 20701-1/ 2017) 
 
Construction Element 
Maximum Allowed U Value per Climate Zone  
[W/(m2·Κ)] 
 Zone Α' Zone Β' Zone C' Zone D' 
Outer Horizontal or Inclined area in contact with outer air (Roof) 0,50 0,45 0,40 0,35 
Outer Wall in contact with outer air 0,60 0,50 0,45 0,40 
Floor in contact with outer air  0,50 0,45 0,40 0,35 
Outer Horizontal or Inclined area in contact with Unheated Space 1,20 0,90 0,75 0,70 
Wall in contact with Unheated Space 1,50 1,00 0,80 0,70 
Floor in contact with Unheated Space 1,20 0,90 0,75 0,70 
Outer Horizontal or Inclined Roof in contact with the Ground 1,20 0,90 0,75 0,70 
Wall in contact with the Ground 1,50 1,00 0,80 0,70 
Floor in contact with the Ground 1,20 0,90 0,75 0,70 
Window in contact with outer air 3,20 3,00 2,80 2,60 
Window without Glass in contact with outer air 3,20 3,00 2,80 2,60 
Glass Building’s Façade not or partially openable in contact with 
outer air 
2,20 2,00 1,80 1,80 
Window in contact with Unheated Space 5,70 5,20 4,80 4,40 
Window without Glass in contact with Unheated Space 5,70 5,20 4,80 4,40 
Glass Building’s Façade not or partially openable in contact with Un-
heated Space 
4,00 3,60 3,10 2,90 
 
Table 2.23:  Maximum Permissible Mean U Value Um [W/(m2·Κ)] 
(Τ.Ο.Τ.Ε.Ε. 20701-1 / 2017) 
 
A/V 
Maximum Permissible Mean U Value Um [W/(m2·Κ)] 
[ m–1] Zone Α' Zone Β' Zone C' Zone D' 
≤ 0,2 1,26 1,14 1,05 0,96 
0,3 1,20 1,09 1,00 0,92 
0,4 1,15 1,03 0,95 0,87 
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0,5 1,09 0,98 0,90 0,83 
0,6 1,03 0,93 0,86 0,78 
0,7 0,98 0,88 0,81 0,73 
0,8 0,92 0,83 0,76 0,69 
0,9 0,86 0,78 0,71 0,64 
≥ 1,0 0,81 0,73 0,66 0,60 
 
The calculation of the U Values for the Construction elements and also the calculation 
for the Mean Um Value of the Building will be according to the legislation Τ.Ο.Τ.Ε.Ε. 
20701-2/2017. 
According to Τ.Ο.Τ.Ε.Ε. 20701-2/2017 the calculation formula for the opaque construc-
tion elements of the building is: 
 
Equation 2.24 (Τ.Ο.Τ.Ε.Ε. 20701-2/2017) 
dj (m) thickness of homogenous and isotope layer of construction element j,  
λj (W/m*K) coefficient of thermal conductivity of homogenous and isotope layer 
of construction element j, 
Ri and Ra (m2*K/W) thermal transfer resistors on both sides of the construction 
element 
Rδ (m2*K/W) closed air gap thermal resistance  
Accordingly, the U Value for a Transparent Construction Element Uw is calculated as: 
 
Equation 2.25 (Τ.Ο.Τ.Ε.Ε. 20701-2/2017) 
Uf (W/m2*K) Heat Transfer coefficient of the frame, 




Αf (m2) area of the frame, 
Αg (m2) area of window’s glass, 
Lg (m) length of the thermal bridge of the window pane  
Ψg (W/m2*K) linear heat transfer coefficient of the window glass.  
In any case both for opaque and transparent construction elements the following rela-
tion must apply:  
U≤Umax   
U [W/m2*K] the coefficient of thermal permeability of a structural element as cal-
culated on the basis of the relations mentioned above  
Umax the maximum value given from the Table 2.23 
If all structural elements meet the requirements of the table 2, the building as a whole 
is required to have a minimum degree of thermal protection. 
The calculation of the average thermal conductivity of the building is given by the rela-
tion: 
 
Equation 2.26 (Τ.Ο.Τ.Ε.Ε. 20701-2/2017) 
Αj (m2) area of structural element j 
Uj (W/m2*K) heat permeability coefficient of the structural element j, 
Ψi (W/m*K) linear heat transfer coefficient of thermal bridge i, 
Li (m) length of thermal bridge i  
b reduction factor 
In any case the following relation applies: 
Um≤Um,max  
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Um,max   maximum permissible coefficient of thermal permeability of the building 
according to the table 2.23 
2.4.2 Thermal heat losses of the building 
This study was carried out in accordance with ELOT EN 12831(ELOT,2013). The meth-
odology according to ELOT 12831 that is used for the calculation of the energy require-
ments of the building are independent from the heating or cooling system that is going 
to be used. This method exam only the structural elements, the ventilation and the 
openings.  
Based on ELOT EN 12831, the thermal losses of a space consist of: 
(a) Losses of ΦT thermo permeability, resulting from the surrounding building 
blocks (walls, openings, floors, ceilings, etc.). 
(b) ΦT space ventilation losses. 
1) Thermal heat permeability losses for a heated space, be calculated as follows: 
ΦT,i = = ( ΗΤ,ie + ΗΤ,ieu +  ΗΤ,ia + ΗΤ,ii ) (Θ int,I - Θe )      
Equation 2.27 Thermal heat permeability losses (ELOT EN 12831) 
Where: 
ΗΤ,ie: thermopermeability factor of thermal losses from a heated space (i) to the envi-
ronment (e) through the shell of the building, (W/K). 
ΗΤ,ieu: thermal loss thermopermeability factor from a heated space (i) to the environ-
ment (e) through an unheated space (u), (W/K). 
ΗΤ,ia: thermal loss thermopermeability factor from a heated space (i) in the ground (g), 
(W/K). 
ΗΤ,ii : thermopermeability factor of thermal losses from a heated space (i) in an adja-
cent heated space (j) with a significant temperature difference e.g. an adjacent 
heated space within the same building or a heated space in an adjacent build-
ing, (W/K). 
Θ int,I : internal temperature of the heated space (i), (°C).  




2) The thermal loss thermo permeability factor from a heated space (i) to the en-
vironment (e) depends on all building components and thermal bridges sepa-
rating the heated space from the external environment, such as walls,  floors, 
ceilings, doors and windows. 
 
Equation 2.28 (ELOT EN 12831) 
Where: 
Ak : Area of the building block (k) in (m2). 
ek, el: Correction factors due to exposure to climatic effects. 
U: Thermo permeability factor of the building blocks calculated in accordance with EN 
ISO 6946, EN ISO 10077-1 and the indications given in European technical 
approvals (W/m2K). 
ll: Length of linear thermal bridge (l) between indoor and outdoor space in (m).  
ΨΙl :Linear thermal conductivity of a linear thermal bridge (l) (W/mK). 
 If there is an unheated space (u) between a heated space (i) and the environ-
ment (e), the thermal loss thermo permeability factor T,iue, from the heated 
space to the environment, shall be calculated as follows: 
 
Equation 2.29 (ELOT EN 12831) 
Where: 
 bu: a temperature reduction factor that takes into account the temperature difference 
between the unheated space and the environment. 
If the temperature of the unheated spacei u is determined or calculated, b u is given by 
the ratio: 
 
Equation 2.30 (ELOT EN 12831) 
3) The flow of thermal losses through floors or basement walls, which have direct 
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or indirect contact with the soil, depends on several factors.  These include the 
area and exposed perimeter of the floor plate, the depth of the basement floor 
relative to the surface of the ground, and the thermal properties of the soil.  
  The thermal loss thermopermeability factor T,ig, from a heated space (i) to the ground 
(g) shall be calculated as follows: 
 
Equation 2.31 (ELOT EN 12831) 
Where: 
 fg1 : correction factor taking into account the effect of the annual variation in the ex-
ternal temperature. 
fg2 : a temperature reduction factor that takes into account the difference between the 
average annual external temperature and the external design temperature. 
 
Equation 2.32 (ELOT EN 12831) 
Ak : area of the building block (k) in contact with the ground in square meters (m2). 
Uequiv,k : equivalent thermo permeability factor of the building block (k) (in Watt/m²K), 
determined by the floor type (ELOT diagrams) and the characteristic parameter 
B' (B' = Area/0.5 * Perimeter). 
GW : correction factor taking into account the effect of soil water. 
-GW = 1.00 if the distance between the assumed water level and the floor plate is 
greater than 1 m. 
-GW = 1.15 if the distance between the assumed water level and the floor plate is less 
than 1 m. 
4) The thermo permeability factor ΗT,ij expresses the heat flow due to transmis-
sion from a heated space (i) to a neighbouring heated space heated to a signif-
icantly different temperature. The thermo permeability factor T,ij  shall be cal-





     
Equation 2.33 (ELOT EN 12831) 
Where: 
fig : a temperature reduction factor that takes into account the temperature difference 
between the adjacent space and the external temperature and is given by the 
formula: 
 
Equation 2.34 (ELOT EN 12831) 
Ak : area of the building block (k), (m2). 
Uequiv,k : equivalent thermo permeability factor of the building block (k), (W/m2K). 
5)  Thermal ventilation losses H V,i for a heated space (i) shall be calculated as fol-
lows: 
      
Equation 2.35 (ELOT EN 12831) 
Where: 
 ΗV,i: thermal ventilation loss factor, (W/K). 
θint,i: internal temperature of the heated space (i), (°C).  
θe : external temperature, (°C). 
The thermal ventilation loss factor ΗV,i of a heated space (i) shall be calculated as fol-
lows: 
       
Equation 2.36 (ELOT EN 12831) 
Where: 
 Vi  : air supply of heated space (i), (m3/s). 
The calculation of the supply depends on the existence of a ventilation system.  
 No ventilation system 
  -45- 
In this case, the air supply shall be calculated as follows: 
Vi= Max (Vinf,i ,Vmim,i) 
 Equation 2.37 (ELOT EN 12831) 
 Vinf,i : the supply of air through the cracks and shell of the building.  
Vmin,i:  the minimum air supply required for hygiene reasons. 
The air supply due to penetration from the shell of the building shall be calculated as 
follows: 
Vinf= 2 Vi n50 ei ei 
Equation 2.38 (ELOT EN 12831) 
Where: 
 n50 : rate of air rotations per hour(h-1) resulting from a pressure difference of 50 Pa be-
tween the interior and exterior of the building including the effects of the air intake 
ores. 
Vi : the volume of heated space (i), (m³). 
ei : shielding factor. 
ei : a height correction factor taking into account the increase due to a fall and the 
height of the heated space from the ground. 
The minimum benefit required for hygiene purposes shall be calculated as follows: 
Vmin,i = nmin Vi 
Equation 2.39 (ELOT EN 12831) 
Where: 
n min: minimum air rotations per hour,(h-1). 
 
 With ventilation system 
If there is a ventilation system, the formula that calculates the air supply is as follows: 
Vi=Vinf,I + Vsu,I * Fv,I + Vmech,inf,i   
Equation 2.40 (ELOT EN 12831) 
Where: 
 Vsu,i : intake air,(m3/h). 





Equation 2.41 (ELOT EN 12831) 
Where: 
Θsu,Ι i the temperature of the incoming air. 
Vmech, inf, I : outbound air surplus (in m3/h ) where: 
Vmech, inf, I = max (Vex – Vsu,0): 
Equation 2.42 (ELOT EN 12831) 
Vex = outbound air supply for the entire building, (m3/h). 
Vsu = provision of incoming air for the entire building, (m3/h). 
 Re-heating 
Finally, the formula is used to calculate the re-heating: 
ΦRH,i=Ai * fRH 
Equation 2.43 (ELOT EN 12831) 
Where: 
Ai = the floor area of the heated space, (m²). 
fRH = correction factor, (W/m²). 
2.4.3 Cooling loads calculation 
The following literature was also used in accordance with the ASHRAE RTS (ASH-
RARE,2014) methodology. 
PROVISIONS & RULES OF CALCULATIONS 
According to ASHRAE, the procedure for calculating refrigeration loads for each of 
the recommended loads (walls, ceilings, openings, lighting, atoms, appliances, etc.) 
is as follows: 
1. For each item we calculate on a 24-hour basis all components of its thermal gain 
for the day of calculation. 
2. We divide thermal gains into gains due to radiation and conductivity.  
3. We apply the radiation time series to calculate the time delay in converting radi-
ation into cooling loads. 
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4. Add the thermal gain due to conductivity and the time-shifted (delayed) thermal 
gain due to radiation in order to calculate the cooling load for each hour and for 
each of the recommended refrigeration loads. 
In more detail for each of the above steps we have: 
  Calculation of thermal gain for walls and ceilings. 
The thermal gain from walls and ceilings results from the following relationship: 
qi,i-n=UA(te,i-n-trc) 
Equation 2.44 (ASHRAE RTS) 
Where: 
qi,i-n : Heat due to conductivity for the surface n hours earlier.  
U : Total surface heat permeability factor. 
A : Surface area. 
te,i-n : Solar air temperature n hours in advance. 
trc :: Desired internal room temperature. 
Thermal conductivity gains are calculated for each hour using the conductivity time 
sequence in the above calculated heat amounts for the previous 23 hours:  
qi= c0qi,i+ c1qi,i-1+ c2qi,i-2+ c3qi,i-3+ ... +c23qi,i-23 
Equation 2.45 (ASHRAE RTS) 
Where: 
qi : Hourly thermal surface gain. 
qi,i : Conductivity heat for the calculation time. 
qi,i-n : Heat due to conductivity n hours earlier. 
c0,c1, etc. : Conductivity sequence factors. 
Calculation of thermal gain from exposures 
The thermal gain of the exposures is divided into three parts: 
qb=AEt,bSHGC(i)IAC(i,Z) 
Equation 2.46 (ASHRAE RTS) 
qd=A(Et,d+Et,r)<SHGC>DIACD 
Equation 2.47 (ASHRAE RTS) 
qc=AU(Tout-Tin) 





qb: Thermal gain of direct radiation 
A : Opening surface, (m²). 
Et,b : Direct surface radiation. 
SHGC(i) : Direct solar thermal gain factor. 
IAC(i,Z) : Internal solar attenuation factor of direct radiation. 
qd: Thermal gain of diffuse radiation 
A : Opening surface, (m²). 
Et,d : Diffuse air radiation. 
Et,r : Diffuse soil reflection radiation. 
<SHGC>D : Diffuse solar thermal gain factor. 
IACD : Internal solar attenuation factor of diffuse radiation. 
qc: Thermal gain due to conductivity 
A : Opening surface, (m²). 
U: Total aperture thermo permeability factor including frame and mounting 
orientation. 
Tout : Outdoor temperature, (°C). 
Tin : Internal temperature, (°C). 
Total thermal opening gain Q: 
Q= qb + qd +qc 
Equation 2.49 (ASHRAE RTS) 
Calculation of thermal gain from internal surfaces 
Each time an air-conditioned area is adjacent to an area of different temperature, 
the heat transfer shall be calculated from the following relationship: 
q=UA(tb-ti ) 
Equation 2.50 (ASHRAE RTS) 
Where: 
q : Thermal gain. 
U : Surface thermopermeability factor. 
A : Surface area, (m ²). 
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tb : Temperature of the adjacent space (°C ). 
ti : Internal room temperature (°C ). 
When nothing is known about the adjacent space except that it is conventionally 
constructed, contains no heat sources and has no significant solar gain, as a tem-
perature difference tb-ti can be considered the difference between the outdoor 
air and the air-conditioned space reduced by 3 K. 
Calculation of thermal gain from flooring 
For floors in direct contact with the ground or above an underground area that is 
not ventilated or air-conditioned, heat transfer can be ignored during the cooling 
period as there is usually a loss of heat and no gain. 
 Calculation of internal thermal gains 
Lighting 
Thermal lighting gains are calculated from the following formula: 
qel = W Ful Fsa 
Equation 2.51 (ASHRAE RTS) 
Where: 
qel : Thermal gain. 
W : Lighting power. 
Ful : Lighting factor. 
Fsa : Special lighting factor. 
People 
Thermal gain due to atoms consists of a noticeable and latent load. The following 
relationships shall be used to calculate loads: 
qs = qs, per N 
Equation 2.52 (ASHRAE RTS) 
ql = ql, per N 
Equation 2.53 (ASHRAE RTS) 
Where: 
qs : Felt load due to atoms. 
ql : Stranded cargo due to persons. 
qs, per : Felt load per person. 




N : Number of people 
Devices 
Like the load from the atoms and the load from the devices is distinguished in felt 
and stranded. The calculation relationships are as follows: 
qs = Qs  FU FR 
Equation 2.54 (ASHRAE RTS) 
ql = Ql N 
Equation 2.55 (ASHRAE RTS) 
qs : Sensible thermal gain device. 
ql : Latent thermal gain of device. 
Qs : Sensible device load. 
Ql, : Latent device load. 
FU : Device usage factor. 
FR : Device radiation factor. 
N : Number of devices. 
Ventilation 
The thermal gain due to ventilation consists of a noticeable and latent load. The 
following relationships shall be used to calculate loads: 
 
qs = 1.23 QsDt 
Equation 2.56 (ASHRAE RTS) 
ql = 3010 QsDW 
Equation 2.57 (ASHRAE RTS) 
Where: 
qs : Felt load due to ventilation. 
ql : Stranded load due to ventilation. 
Qs ³/: Volume of in-air, (m 3/ s ). 
Dt : Temperature difference between incoming and outgoing air, (°C). 
DW : Difference in humidity ratio between incoming and outgoing air (kg humidity 
/ kg x.a.). 
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Separation of thermal gains into profits due to radiation and conductivity. 
Thermal gains for each component (lighting, atoms, walls, ceilings, windows, appli-
ances, etc.) for a specific time are the sum of the thermal gain due to conductivity 
for that time plus the time-shifted thermal radiation gain for that time and for the 
previous 23 hours. 
The following table shows standard values for the separation of total thermal gain 
into radiation gain and conductivity gain: 
Table 2.58: Radiation and conductivity factors 
Radiation factor Conductivity factor   
0.60 0.40 People, standard office conditions 
0.1 to 0.8 0.9 to 0.2 Devices 
Varies Varies Lighting 
0.46 0.54 Thermal gain of walls and floors due to 
transmission 
0.60 0.40 Thermal floor gains due to transmission 
0.33 0.67 Thermal exposure gains due to transmis-
sion (SHGC > 0.5) 
0.46 0.54 Thermal exposure gains due to transmis-
sion (SHGC < 0.5) 
1.00 0 Solar thermal aperture gain (without in-
ternal shading) 
Varies Varies Solar thermal opening gain (with internal 
shading) 
0 1.00 Ventilation 
 
Sensible cooling load due to radiation 
The RTS method converts the percentage of thermal gain due to radiation into a 
coolant load using the corresponding radiation time factors. 
Qr,i= r0qr,i + r1qr,i-1+ r2qr,i-2+ r3qr,i-3+ ... +r23qr,i-23 
Equation 2.59 (ASHRAE RTS) 
Where: 
Qr,i : Qr radiation cooling load for the current time i. 




qr,i-n : Thermal radiation gain for n hours in advance. 
r0,r1, etc. : : Radiation time factors. 
Sensible coolant load due to conductivity 
The coolant load due to conductivity gains is calculated from the following ratio:  
Qi,c= qi,c 
Equation 2.60 (ASHRAE RTS) 
where qi,c is the percentage of thermal gain due to conductivity of element i (in W) 
and is given bythe formula: 
qi,c= qi,s (1- Fr ) 
Equation 2.61 (ASHRAE RTS) 
qi,s : Felt coolant load of item i. 
Fr : Percentage of thermal gain due to radiation 
Total Cooling Loads 
Qs=SQi,r + SQi,c 
Equation 2.62 (ASHRAE RTS) 
Ql=Sqi,l 
Equation 2.63 (ASHRAE RTS) 
Where: 
Qs : Sensible space cooling load. 
Ql : Latent space coolant load. 
SQi,r : Noticeable cooling load due to radiation for the current time, calculated from 
the thermal gain of element i 
SQi, c : Sensory coolant load due to conductivity for the current time, calculated 
from the thermal gain of element i. 
qi,l : Latent thermal gain of item i. 
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2.5 Inspection of the Current State energy  
efficiency  
Although, it is clear that the specific building has a lot of weaknesses, and all of the 
structure elements and component, do not even meet the minimum requirements of 
the legislation, an analysis of the current situation will provide us useful data about the 
needs of the building and it will help us in order to evaluate the next investment scenar-
ios. 
In order to perform the energy analysis, U values of the Opaque and the transparent 
structural elements must calculate.  Each of the following elements has different char-
acteristics as layering and materials and it is presented in shapes 2.66, 2.68, 2.70, 2.72, 
which presents the opaque structural elements. 
Additionally, all the calculation of the opaque elements as calculated based on tables 
2.67, 2.68, 2.69, 2.71 and 2,73 and equation 2.24. 
The U values are also calculated based on table 2.74 and equation 2.25. 
At least, all calculations performed an analysis with the software Gcad that uses the al-
gorithm of the KENAK using the tables 2.21, 2.22, 2.23 and as mentioned before the 
equations 2.24, 2.25 and 2.26. 
The table 2.23 and equation 2.26 is used to summarize the data of all the structural 





Picture 2.64: First Floor (Screenshot from the Gcad 4M Energy Efficiency Study) 
In the picture 2.64 is presented the design of the model for the first floor and it’s thermal 
bridges( in the boxes), with the software Gcad 4M. 
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Picture 2.65: Ground Floor (Screenshot from the Gcad 4M Energy Efficiency Study) 
In the picture 2.65 is presented the design of the model for the Ground and its thermal 
bridges, with the software Gcad 4M. 
2.5.1 Envelope 
In order to perform the energy analysis, U Values must be calculated for Opaque and 
Transparent Structural Elements. Each structural element has different layers of mate-
rials as it will be presented in pictures 15-18 which shows the cross sections for the dif-
ferent opaque structural materials. 





Shape 2.66: Walls 
Table 2.67: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1900 0.020 0.872 0.023 
2 Brick 1200 0.090 0.523 0.172 
3 Brick 1200 0.090 0.523 0.172 
4 Plaster 1200 0.020 0.872 0.023 
   Σd=0.220 Ri=0.13-Ra=0.04 R=0,39  
 
For the outer walls we have Ri=0.13-Ra=0.04 and thus, from the equation (2.24) the ex-
isting walls Uvalue= 1,786 (W/m2*K) 
2.Cross section of the external Concrete Beams 
 
Shape 2.68: Concrete Beams 
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Table 2.69: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 M W/(mK) (m²K)/W 
1 Plaster 1900 0.020 0.872 0.023 
2 XPS 800 0.02 0.041 0.488 
3 Beam 2400 0.250 2.035 0.123 
4 Plaster 1200 0.020 0.872 0.023 
   Σd=0.31 Ri=0.13-Ra=0.04 R=0.657 
 
For the outer walls we have Ri=0.13-Ra=0.04 and thus, from the equation (2.24) the ex-
isting walls Uvalue= 1,210 (W/m2*K) 




Shape 2.70: Roof 
Table 2.71: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1800 0.02 0.870 0.023 
2 Concrete 2400 0.2 2500 0.080 
3 Lightweight Concrete 500 0.05 0.200 0.250 
4 Cement Mortar 1800 0.020 0.870 0.023 
5 Roof Ceramic Tiles 1200 0.040 0.581 0.069 





For the roofs we have Ri=0.1-Ra=0.04 and thus, from the equation (2.24) the existing 
walls Uvalue= 1,938 (W/m2*K) 
4. Cross section of the Floor 
 
 
Shape 2.72: Floor in contact with unheated basement 
Table 2.73: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 M W/(mK) (m²K)/W 
1 Marble  0.020 3.488 0.006 
2 Plaster 1800 0.020 0.870 0.023 
3 Reinforced Concrete 2400 0.150 2.035 0.074 
4 Plaster 1900 0.020 0.872 0.023 
   Σd=0.210 Ri=0.17-Ra=0.17 RΛ=0,126 
 
For the Floor above unheated space we have Ri=0.17-Ra=0.17 and thus, from the equa-
tion (2.24) the existing walls Uvalue= 2,149 (W/m2*K) 
2.5.2 Openings 
The openings of the building are old wooden frames, double glazed with 12,5mm air 
gap, but according to the orientation and most of them, it can easily understand that 
these openings are one of the most valuable points of the building.  
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due to lack of certified data for these windows, the technical directive for this certain 
type of frames static nominal values (as it presented in table 2.74) are selected. (TOTEE, 
2017) 
Table 2.74: Windows Characteristics (source: Τ.Ο.Τ.Ε.Ε. 20701-1/2017) 
Windows 
Type WOODEN 
Uf of the Frame 2.97W/m2K 
Type of Glass Double Glazed with 12.5mm air gap 
Ug of the Glass 2.8 W/m2K 
g of the glass horizontal 0.75 
g of the glass 0.68 
ventilation due to crack  10 m3/h/m2 
linear joint thermal permeability of frame and glass Ψg 0.06 W/mK 
average frame width 0.75  
 
In order to check and summarize, the Um= 2.283 W/m2*K (equation 2.26) an no matter 
the A/V ratio the Um,max = 1,05 W/m2*K (According to table 2.74). The Um shows that 




In current state the operating heating system is an Oil boiler as mentioned earlier. Due 
to the fact that there has not been located any certified inspections sheet for the boiler, 
it has been preferred the use of the values provided by TOTEE 20701-1(TGG,2017) as it 














Oversizing Factor ng1 1.000 
Insulation Factor ng2 1.000 
Actual Efficiency ngm 0.618 
Heat distribution network Insulation equal to the radius of the pipe 
Thermal power transferred by the distribution network (kW) 33.4 
Delivery temperature of hot medium in the distribution network (°C)  70.00 
Thermal Efficiency of the Distribution Network 95.5% 
Terminal Units  Fancoils 
 
Cooling System: 
Accordingly, the cooling system is more than 20 years old and therefore, it has been 
preferred the use of the values provided by TOTEE 20701-1(TGG,2017) as it presented 
in table 2.76 and 2.77. 












Split Type Air Condition 
Power(kW) 6.3 
EER: 2.200 
Fuel                                Electricity 
Cooling distribution network Insulation equal to the radius of the pipe  
Cooling power transferred by the distribution network (kW): 6.3 
Cooling Efficiency of the Distribution Network  98.5% 
Terminal Units  Local Heat Pumps 
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Table 2.77: Cooling System 1st Floor (source: Τ.Ο.Τ.Ε.Ε. 20701-1/2017) 
 
According to TOTEE 20701-1 (TGG,2017) the monthly coverage of the cooling loads of a 
specific zone is calculated as 50% (as it presented in table 2.78) 
Table 2.78: Monthly coverage rate of cooling load of the thermal zone by the system (%) 
 (source: Τ.Ο.Τ.Ε.Ε. 20701-1/2017) 
 
Domestic Hot Water System 
The building has the oil boiler as a domestic hot water too. Thus, the nominal units’ 
efficiencies are according to the technical directive for this certain type of boiler static 
nominal values are selected. (TGG, 2017) 
2.5.4 Results 
All the calculation of primary energy consumption is required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building. 




Split Type Air Condition 
Power(kW) 5.3 
EER: 2.200 
Fuel                                Electricity 
Cooling distribution network Insulation equal to the radius of the pipe 
Cooling power transferred by the distribution network (kW): 5.3 
Cooling Efficiency of the Distribution Network  98.5% 
Terminal Units  Local Heat Pumps 
Monthly coverage rate of thermal load of the thermal zone by the system (%) 
 Τype JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 




Table 2.79: Final Energy Consumption Per Final Use (kWh/m²) 
Final Energy Consumption Per Final Use (kWh/m²) 
Months JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 43.5 32.9 22.0 9.9 0.00 0.00 0.00 0.00 0.00 2.6 23.6 39.3 173.8 
Solar Power for heating 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cooling 0.00 0.00 0.00 0.00 0.00 1.2 1.8 1.5 0.00 0.00 0.00 0.00 4.5 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 2.0 2.3 21.7 
SUM 45.9 35.0 24.2 11.8 1.7 2.6 3.1 2.8 1.4 4.3 25.6 41.6 200.1 
 
Table 2.80: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 58.1 191,2 
Cooling 10.5 13.2 
DHW 22.3 23.8 
SUM 91.0 228.2 
 
According to the results of the calculations for the reduced primary energy consumption 
(table 2.80) of the part of the building under study, it seems to belong to category Z (as 
it presented in shape 2.81). Therefore, it does not meet the minimum requirements of 
KENAK, for consumption of primary energy at a maximum equal to that of the reference 
building. 
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Shape 2.81: Classification Categories classified by consumption according to the Technical Di-

















3 Retrofit based on KENAK 
After completing an analysis of the existing building and its energy efficiency, following 
the requirements of TOTEE 2017 (TGG,2017), and based on the research and retrofit 
common practices will be presented three different scenarios of upgrading the existing 
building with the aim of zero consumption. As it shown in shape 3.1.  
Scenario 1:  
In this scenario, following the norms and the directions, will be a holistic upgrade of the 
building in terms of shell, openings and heating and cooling system. According to the 
heating and cooling system, it will be applied systems that uses only electricity. This has 
decided due to the fact of the use renewable energy sources that produce electricity. As 
it mentioned it is going to be used a solar panel system for domestic hot water and a 
photovoltaic system, dimensioned so as to meet the energy demands of the building, in 
order to achieve zero operational cost. 
Scenario 2:  
In this scenario, an effort will be made to properly take advantage of the buildings HVAC 
systems used in scenario 1, focusing in to the reduction of the renewable energy sources 
to be used. Meanwhile the changes made in scenario1, in building shell, openings and 
heating and cooling system maintained.  
Scenario 3: 
 In this scenario, will make a greater investment in the building shell and openings to 
reduce even more than in scenario2 the cost of renewable energy sources. Meanwhile 
the changes made in scenario1, heating and cooling system maintained.  
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Shape 3.1 nearly zero energy flowchart 
(source: epbd-ca.eu) 
3.1 SCENARIO 1 
The first scenario It is important that a property is looked at holistically. We must start 
the delivery of a ‘whole house approach’ and looking at the ‘fabric first’ so that we can 
address the overall efficiency of the building before looking at the heating services. 
Thus, all the innervations, are going to be massive and accordance to TOTEE 2017.  
3.1.1 Envelope  
According to Article 7 of the K.E.N.A.K (ΤGG,2017) any new building, as well as any ex-
isting building that is radically renovated, must meet the minimum energy efficiency re-
quirements. 
Based on the minimum requirements, for a residential house like this in climatic zone C, 
we need to apply insulation (at the external side of the wall) at minimum 7 cm of insu-
lation material (as it is presented on shape 3.2) to achieve at least a heat permeability, 
U=0.40 [W/ (m2 ·Κ)] for external walls. We choose expanded polystyrene because it has 
better thermal characteristics are better than extruded polystyrene , it is cheaper and 
the walls are not exposed too much to water. 





Shape 3.2: New wall (Applied extruded polystyrene) 
Table 3.3: Layers of Structural Element (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness 
d 
coefficient of thermal conductivity λ d/λ 
 - kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1800 0.020 0.872 0.023 
2 Wall 1200 0.2 0.523 0.382 
3 Old Plaster 1800 0.020 0.872 0.023 
4 Expanded polystyrene 30 0.070 0.032 2.188 
5 Plaster 1900 0.02 0.060 0.023 
 
The new a heat permeability of the external walls is U= 0.356[W/ (m2 ·Κ)]. According to 
table 3.3 and equation 2.2) 
Accordingly, the concrete beams must insulate as well with an external layer of 7 cm of 
expanded polystyrene. (as it presented in shape3.4) 
3 Cross section of the New Concrete Beams 
 
Shape 3.4: New concert beam (Existing beam & 8cm expanded Polystyrene) 
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Table 3.5: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1800 0.020 0.872 0.023 
2 Concrete 2400 0.4 2.035 0.197 
3 Old Plaster 1800 0.020 0.872 0.023 
4 Expanded polystyrene 18 0.070 0.032 3.750 
5 Plaster 1800 0.02 0.060 0.006 
 
The new a heat permeability of the external concrete beams is U= 0.341[W/ (m2 ·Κ)]. 
According to table 3.5 and equation 2.24) 
Another weak point of this building, is surely the roof, which in the current situation is 
uninsulated. According to the directives of the Greek legislation, the minimum thickness 
of the insulation material we can apply is 8cm. In this situation because every roof is 
prone to water leakages, we are going to apply extruded polystyrene, because it is more 
resistant to moisture than expanded polystyrene or stone wool. For an extra protection 
we are going to apply an extra water proof layer coat under the ceramic tiles.  Because 
of the thermal conductivity of expanded polystyrene begins at lower than the thermal 
conductivity of the extruded, we have decided to apply 10 cm insulation, as it presented 
in shape 3.6. 
4 Cross section of the New Roof 
 
Shape 3.6: New Roof (Existing Roof 8 cm of extruded polystyrene) 
Table 3.7: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 




1 Plaster 1800 0.02 0.870 0.023 
2 Concrete 2400 0.2 2500 0.080 
3 Lightweight Concrete 500 0.05 0.200 0.250 
4 Cement Mortar 1800 0.020 0.870 0.023 
5  XPS 30 0.1 0.041 2.439 
6 Air gap  0.040 0.581 0.069 
7 Waterproof layer 1000 0.040 0.186 0.0215 
8 Ceramic tyles 1200 0.040 0.581 0.069 
 
The new a heat permeability of the roof is U= 0.342[W/ (m2 ·Κ)].As it is calculated based 
on table 3.7 and equation 2.24 
At least the Floor that is in contact with the unheated, although according the Instruc-
tions, we have to achieve at least a heat permeability, U=0.70 [W/ (m2 ·Κ)], we will in-
sulate well with 2 cm inside layer expanded polystyrene and 5cm layer of expanded pol-
ystyrene external (as it presented in shape 3.8), because we are going to apply an un-
derfloor heating system an we need to minimize the losses through the new floor.  
1. Cross section of the New Floor 
 
Shape 3.8: New Floor (Existing Floor 10 cm of expanded polystyrene) 
Table 3.9: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/
W 
1 Marble  0.020 2.7 0.007 
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1 Expanded Polystyrene 15 0.020 0.031 0.645 
2 Plaster 1800 0.020 0.870 0.023 
3 Reinforced Concrete 2400 0.150 2.5 0.060 
4 Cement mortar  0.025 1.39 0.018 
5 Expanded Polystyrene 15 0.05 0.032 1.563 
4 Plaster 1900 0.020 0.872 0.023 
 
The new a heat permeability of the Floor, is U= 0.378[W/ (m2 ·Κ)]. As it is calculated 
based on table 3.9 and equation 2.24) 
3.1.2 Openings 
In this building, we need to change the openings because the heat losses in this building 
due to the old wooden windows are plenty. Although, that according to the minimum 
requirements of the instructions, demands a heat permeability of the windows to be 
less than U= 2.8 [W/ (m2 ·Κ)] we have decided to apply windows with better character-
istics, another very strong evidence that supports this decision, is the wrong orientation 
of the building. As we can see from the sketches bellow the most of the openings are 










Shape 3.11: Ground Floor (G-cad 4M) 
Based on these thoughts we decided to apply PVC frames, because of thermal charac-
teristics and their price, which is better than wooden or aluminum frames.  
On the other hand, the suggested factor of the g of the glass horizontal is 0,55 according 
to the instructions, we decided to apply double glasses filled with argon, with Ug=1 
W/m2K and g=0,38, that gives o g of glass horizontal 0,42.  These frames, also provide a 
very good airtightness (all the technical characteristics are presented in table 3.12). 
Table 3.12: Windows Characteristics (Frames: Aluplast ideal 5000 technical report, glasses: 
https://calumenlive.com/find-glazing) 
Windows 
Type PVC Aluplas ideal 5000 
Uf of the Frame 1.2 W/m2K 
Type of Glass Double Glazed with 12mm air gap 
Ug of the Glass 1 W/m2K 
g of the glass horizontal 0.42 
g of the glass 0.38 
ventilation due to crack  6 m3/h/m2 
linear joint thermal permeability of frame and glass Ψg 0.08 W/mK 
average frame width 0.076 m 
 
3.1.3 Thermal Bridges 
Due to the fact that in our case, we are going to do a renovation, it is understandable 
that a difficult opponent in upgrading this building are the thermal bridges. The most of 
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them is easy to eliminate, but in some cases their treatment is difficult and very special-
ized. 
Some of these cases are observed in the joints with the roof, in the balconies, in the 
placement of the frames and in the various geometries of the building cell.  
 
Shape 3.13: Joint of the external wall with the terraces of the building. (TGG, 2017b) 
 
Shape 3.14: Joint of the external wall with the Roof. (TGG, 2017b) 
 
Shape 3.15:  Joints of the External Wall with the Window. (TGG, 2017b) 
The total thermal bridges according to the calculations are 92,9. In shapes 3.13, 





Table 3.16: Summarized Thermal insulation data 











Thermal Bridges  - 92.9 
SUM 419.4 223.8 
[Σ(bxUxA)+Σ(bxΨxl)]/ΣA 0.534 
 
In order to check the thermal insulation of the building, it is needed to calculate the 
ration of A/V = 0.807 m-1   which means that from table 2.74 the maximum allowable 
Um,max= 0.756 W/m2K 
Um= 0.534 W/m2K <= Um,max= 0.756 W/m2K (as it is show froe table 3.16) 
We can see that although, we applied insulation, some of these thermal bridges are still 
there.  
But according to the TOTEE 2017 demands, our building still is better than the re-
quested. 
3.1.4 Shading 
In a bioclimatic building, a very crucial and changing according to the season, is the Sun 
and its course. For example, in winter we need to take advantage of its radiation, and 
on Summer we need to avoid its radiation. For this reason, we should take care of a 
suitable shading system for the Summer, especially in our building which has the most 
of its openings facing West.  
In accordance with Article 9 of the K.EN.A. K (TGG, 2017), the vertical openings of the 
reference building have the necessary fixed external horizontal or lateral shadings (outer 
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blinds, pergolas, balconies, etc.), due to which their average shade factor during the 
summer season is: 
 • 0.70 for the southern sides and  
• 0.75 for views with west and east orientation. 
 For intermediate orientations the coefficients apply: • 0.80 for northeast and north-
west, • 0.73 for southeast and southwest, 86 • 1.00 for north. 
In this specific building, due to the wrong orientation, will applied in all the openings, 
horizontal external awning as mobile sun protection to ensure the perfect shade in Sum-
mer and the free penetration of the Sun in Winter. The average shading coefficient fac-
tor for all openings, would be 0.3 during Summer. Because according to the article 9 of 
K.EN.A.K (TGG,2017a) the minimum price of shading coefficient factor for horizontal 
structural elements fully shaded is 0.3.  
 
 
3.1.5 H.V.A.C  
Except from the building shape, the orientation and the well insulation, in order to re-
duce the thermal and the cooling loads, it is very important to choose the most suitable 
heating, cooling and demand hot water systems. In this building, because we are trying 
to make a ΝZEB type renovation, we are going to decrease the heating, cooling and do-
mestic hot water demand and for the small amount of this demand we will apply renew-
ables as photovoltaics and solar panels. 
Heating system 
We should remove the old oil boiler, and choose systems that consumes electricity with 
a suitable power and with very good efficiency factors.  
In order to dimension the heating system, we are going to calculate the heat losses with 
a study in accordance with ELOT EN 12831.  
According to the study the summary (the study has used the equations 2.27-2.43) of the 
heat losses is 10.071 W. According to the study the 5181 W are caused because of the 




and 2384 W are caused of the ventilation. Adding the expected losses through the heat-
ing system equal to 0.05 % and the distribution system 0.07% the total heat losses cal-
culated as 11.415 W. 
 Although that the Standard (TGG,2017) considers everything bellow 20 kW as equal to 
20 kW in this building it is going to applied a heat pump of 12 kW power. All the charac-
teristics of the system (as it presented to table 3.17) are according to the manufacturer’s 
technical brochure and will be attached in appendix.  
Table 3.17: Heating System  
Panasonic Heat Pump A (WH-UX12HE8) 
Power(kW) 12 
SCOP(W35) For Warmer -2/+2 oC / COP 5.86 / 4.36 
Fuel Electricity 
Delivery temperature of hot medium in the distribution network (°C)  35.00 
Heating Efficiency of the Distribution Network 95% 
Terminal Units  Underfloor system 
 
Cooling system 
The existing split types are old enough and their energy efficiency ratio is too low. Thus, 
we should choose new cooling system with high efficiency ratio and of course we need 
to dimension the system as well. In order to dimension the cooling system, we are going 
to calculate the cooling loads with a study in accordance with ASHRAE RTS (using the 
equations 2.44-2.63). 
According to the study the summary of the cooling loads is 2803 W. Adding the expected 
losses through the heating system equal to 0.5 % and the distribution system 0.15% the 
total heat losses calculated as 2987 W. 
Although the cooling loads are less than 5000 W, because our building has 2 thermal 
zones, we are going to apply 2 split types of 2,5 kW. According to the direction, the 
cooling system for a residential building should have a seasonal energy efficiency of 3,0. 
Therefore, we are going to apply split type with seasonal energy efficiency 6,2. 
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All the characteristics of the cooling systems are based on the manufacturers technical 
brochure as it presented in table 3.18 and in will be attached in appendix. 









Domestic Hot Water  
The existing building, uses the old oil boiler for coverage of the domestic hot water, and 
also uses thermosyphon solar panels. As it mentioned before, we need to use only elec-
tricity as primary energy and for this reason we applied as heating system a heat pump 
of 12 Kw. This heat pump has a COP of 4,280 as it is shown on table 3.19 and on the 
contrary the old oil boiler has an efficiency factor of 0.85.  
Table 3.19: Domestic Hot Water Systems 
Heating System 









Panasonic Split type air unit CS-FZ2SWKE A++ 
Power(kW) 2.5 
EER: 3,3 
Fuel                                Electricity 
Cooling distribution network Insulation according to TOTEE 
Cooling power transferred by the distribution network (kW): 5.3 
Cooling Efficiency of the Distribution Network  98.5% 




Although, it is going to upgrade the buildings envelope and the HVACS, according to the 
definition of the NZEB, it must cover the building’s energy demand with renewable en-
ergy. Therefore, it is  going to used solar panels and photovoltaics. 
Solar Panels 
About solar panels, according to the directions, the dimension is about 1m2 of solar 
panel per person. Therefore, we are going to apply a compact system of 2 solar panel of 
2 m2 each in order to cover the demands for 4 persons. This solar system will have a 
boiler of 200L for storage that will provide about 50 L per person. All the technical char-
acteristics are taken from the manufactures brochure and will be presented in appendix. 




As it mentioned, both our heating and cooling system, consumes electricity. Although 
our systems are very efficient, and the building envelope is now shielded with insulation, 
we need to cover our energy demand with renewables. In order to dimension the sys-
tem, we need to calculate the primary energy and then to decide the suitable photovol-
taic system. So, we are going to simulate, the building without photovoltaics and then 
we are going to take a decision. 
Solar Panels Cosmo solar SK GLASS 200/4 
Type of Solar Panel Compact 
Solar Panel Use DHW 
Degree of Solar Utilization for DHW (%):  33.8 
Solar Panel Area (m²):  4 (2 panels 2m2 each) 
Solar Panel Inclination (°):  45 
Solar Panel Orientation (°):  180 
Boiler 200L 
Shading Factor F-s:  1.00 
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Running the study, the following results presenting the Final Energy Consumption of the 
building without photovoltaics, the building has a primary energy consumption, of 43,8   
kWh/m² as it presented in table 3.21. 
Table 3.21: Primary energy consumption per final use 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 70 28.7 
Cooling 15.5 8.7 
DHW                                       30.2 6.4 
Renewables 0.0                                         0.0  
Sum 115.7 43.8 
 
According to the following consumptions, and due to the fact that the operational costs 
annual for this energy consumption will be 762 euro. It is decided will be applied a sys-
tem of 17,86 m2 area of monocrystal photovoltaic panels with a total power 2,97 kW. 
These panels are going to have south orientation with an inclination of 20 degrees. It is 
decided to apply a system with these characteristics, understanding that the South ori-
entation is the best for a PV system based on the restriction that the shape of the roof 
that allow us to use only 20 m2 facing south, because of the solar panels that needs 4 m2 
as well. All the useful data about the photovoltaic system are presented to table 3.22.  









Photovoltaics CSUN 270-60P 
Type of PVS monocrystalic 
Area 15 m2 
Power  3 kW 
 0.16 
 Inclination (°):  20 
Orientation (°):  180 
Shading Factor F-s:  1.00 




Running the study again, the following results presenting the Final Energy Consumption 
of the building with the 3kW system, the building still have 7.5 
 kWh/m² as primary energy demand remaining. 
Thus, if it is applied 2 kW of photovoltaics facing West, and run again the study the build-
ing needs are 0 kWh/m² as primary energy demand and we have 4.1 kWh/m² were pro-
duced during the year. 
About the photovoltaic system of 3 kW (according to the financial offer that will be im-
plemented in appendix) is 4.200 euro. The operational cost of the building without solar 
panels is 760 euro and with the 3-kW system is 130 euro. Thus, this investment has a 
payback period less than 7 years. Due to the fact that the building is going to be net zero 
operational cost, the extra 2 kW power system facing west, will cost 2800 euro more 
and as a result this extra investment has a payback period of 21 years. Despite this fact 
it is also important to mentioned that the whole photovoltaic system in this scenario will 
cost 7000 euro and it has less than 10 years payback period. 
3.1.7 Results 
All the calculation of primary energy consumption are required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K (TGG, 2017a), in order to determine the energy efficiency and classification of 
the building. The tables 3.23-3.26 are presenting the results. 
 
Table 3.23: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 70 28.7 
Cooling 15.5 8.7 
DHW                                      30.2                                         6.4 
Renewables 0.0                                        47.9 
Sum 115.7                                         -4.1 
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Table 3.24: Required Loads for Heating and Cooling (kWh/m²) 
Required Loads for Heating and Cooling (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 13.3 9.6 5.5 1.4 0.00 0.00 0.00 0.00 0.00 0.3 6.4 11.9 48,3 
Cooling 0.00 0.00 0.00 0.00 0.00 5.3 7.4 6.4 0.00 0.00 0.00 0.00 19.1 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 1.9 2.3 21.6 
 
Table 3.25: Final Energy Consumption per Final Use (kWh/m²) 
Final Energy Consumption per Final Use (kWh/m²) 
Months JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC SUM 
Heating 2.7 2.0 1.1 0.3 0.00 0.00 0.00 0.00 0.00 0.1 1.3 2.4 9.9 
Cooling 0.00 0.00 0.00 0.00 0.0 0.8 1.2 1.0 0.00 0.00 0.00 0.00 3 
DHW 0.4 0.3 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.4 2.40 
Photovoltaics 1.3 1.5 2.2 2.7 3.2 3.7 3.8 3.5 2.7 2.0 1.4 1.1 29.4 
Sum 3.1 2.3 1.4 0.5 0.2 0.9 1.2 1.1 0.1 0.2 1.6 2.8 15.3 
 
Table 3.26: Final Results 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 
Electricity 0 0 
 
Concluding according to the classification of the energy categories as KENAK lists them, 





Shape 3.27: Classification Categories classified by consumption according to the Technical Di-
rective (TOTEE,2017) 
In any case because the photovoltaic system is going to be connected to the grid as Net 
metering, and there is no storage of the energy production of the renewables, this build-
ing cannot consider as net zero building, but as nearly zero building with zero annual 
operational cost. 
3.2 SCENARIO 2 
Based on scenario 1, although the primary energy per use is zero, there is a production 
of 4.1 kWh/m2 that goes to waste due to the fact that the photovoltaic systems is con-
nected to the grid as net metering. Thus, in this scenario it going to reclaim this energy 
and take advantage of the heat pump’s high COP. 
For this reason, the solar panels will be removed in order to save some space to apply 1 
kW more of photovoltaics facing South and the facing West photovoltaics will be re-
moved. If the results are satisfying it will be saved 2700 euro, as a result of the remove 
of the West side photovoltaics and solar panels. 
3.2.1 Results 
All calculations of primary energy consumption are required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building. 
Table 3.28: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating 70 28,7 
Cooling 15.5 8.7 
DHW                                      30.2                                         14.4 
Renewables 0.0                                        56.2 
Sum 115.7                                         -4.4 
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Table 3.29: Required Loads for Heating and Cooling (kWh/m²) 
Required Loads for Heating and Cooling (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 13.3 9.6 5.5 1.4 0.00 0.00 0.00 0.00 0.00 0.3 6.4 11.9 48,3 
Cooling 0.00 0.00 0.00 0.00 0.00 5.3 7.4 6.4 0.00 0.00 0.00 0.00 19.1 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 1.9 2.3 21.6 
 
Table 3.30: Final Energy Consumption per Final Use (kWh/m²) 
Final Energy Consumption per Final Use (kWh/m²) 
Months JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC SUM 
Heating 2.7 2.0 1.1 0.3 0.00 0.00 0.00 0.00 0.00 0.1 1.3 2.4 9.9 
Cooling 0.00 0.00 0.00 0.00 0.0 0.8 1.2 1.0 0.00 0.00 0.00 0.00 3 
DHW 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.5 5 
Photovoltaics 1.3 1.4 2.0 2.3 2.7 3.1 3.2 3.0 2.4 1.8 1.3 1.1 25.6 
Sum 3.3 2.4 1.6 0.7 0.4 1.2 1.5 1.3 0.3 0.4 1.8 3.0 17.9 
 
Table 3.31: Final use 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 
Electricity 0 0 
 
In the shape 3.32 according to the KENAK classification is presented that the scenario2 





Shape 3.32: Classification Categories classified by consumption according to the Technical Di-
rective (TOTEE,2017) 
As, it can be observed from 3.28,3.29,3.30 and 3.31 tables, without solar panels, the 
heat pump is going to carry out all the demands for domestic hot water. Due to the fact 
that this heat pump has a very high COP (W/W) and the solar panels just produce hot 
water converting the solar energy directly to thermal energy, it is achieved not only cost 
reduction but, in this scenario, the final use of energy is still 0. In this scenario, again the 
building is transformed in a nearly energy building and zero annual operational cost.  As 
a result, the investment of the photovoltaic system in this scenario is about 5600 euro 
and the payback period are less than 7,5 years plus the extra 1300 euro that are saved 
(according to the financial offer that will be implemented in appendix) of the solar power 
systems, that is not used in this scenario. 
3.3 SCENARIO 3 
Taking into consideration the scenario1 and scenario2, according to the results, the next 
scenario is going to upgrade the envelope, in order to examine if there is a point to invest 
more on this and remove some renewables. The two previous, interventions in the walls  
and in the concrete beams are an external layer of 7 cm extruded polystyrene.  
Therefore, now we have decided to use a layer of 10 cm of extruded polystyrene on 
these structural elements and the new a heat permeability of the walls, is U= 0.267[W/ 
(m2 ·Κ)] and U= 0.258 [W/ (m2 ·Κ)] for the concrete beams respectively. 
For the roof in the previous scenarios, it has applied 10 cm of extruded polystyrene and 
now it is going to apply 12 cm. Thus, the new a heat permeability of the roof, is U= 
0.289[W/ (m2 ·Κ)]. All the calculation are based on equation 2.24 
 As for the heating basement we are not going to make extra interventions because we 
have already insulated and the basement is an unheated space. 
Another, very crucial element of the buildings cell, are the  openings.  
Although, we have applied a type of windows, much better that the minimum require-
ments of the directions, in this scenario we are going to apply another type of openings, 
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with better characteristics, as lower Uframe, better airtightness and triple glazes with a 
Ug=0.5 W/m2K and g= 0.30 that means it has lower shading factor. All the technical 
characteristic that are presented in table 3.33 are taken from the manufacturer’s tech-
nical brochure and from calumen-live data base. All the brochures will be implemented 
in appendix. 
Table 3.33: Opening characteristics  
Type PVC aluplast  IDEAL 8000  
Uf of the Frame 0.95 W/m2K 
Type of Glass 
Triple Glazed 28 mm (4-8-4-8-4) with Argon 90% 
Ug of the Glass 0.5 W/m2K 
g of the glass horizontal 0.30 
g of the glass 0.38 
linear joint thermal permeability of frame and glass Ψg 0.12 W/mK 
average frame width 0.076 m 
 
As for the other interventions, the heating and cooling system remain the same and it is 
going to applied only 3 kW of photovoltaics, without solar panels. 
3.3.1 Results 
All calculation of primary energy consumption is required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building.) 
Table 3.34: Primary Energy Consumption per final use (kWh/m²) 
Final Use Primary Energy Consumption per final use (kWh/m²) 
 
 Reference Building Selected Building 
Heating 72.4 27.1 
Cooling 15.5 5.6 
DHW                                      30.2                                         14.4 
Renewables 0.0                                        41.8 





Table 3.35: Required Loads for Heating and Cooling (kWh/m²) 
Required Loads for Heating and Cooling (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 12 8.9 5.7 1.8 0.00 0.00 0.00 0.00 0.00 0.3 6.2 10.7 45.6 
Cooling 0.00 0.00 0.00 0.00 0.00 3.2 5.0 4.1 0.00 0.00 0.00 0.00 12.3 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 1.9 2.3 21.6 
 
Table 3.36: Final Energy Consumption per Final Use (kWh/m²) 
Final Energy Consumption per Final Use (kWh/m²) 
Months JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC SUM 
Heating 2.5 1.8 1.2 0.4 0.00 0.00 0.00 0.00 0.00 0.1 1.3 2.2 9.3 
Cooling 0.00 0.00 0.00 0.00 0.0 0.5 0.8 0.6 0.00 0.00 0.00 0.00 1.9 
DHW 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.4 0.4 0.5 5 
Photovoltaics 0.8 0.9 1.3 1.5 1.8 2.1 2.1 2.0 1.6 1.2 0.9 0.7 17.1 
Sum 3 2.3 1.7 0.8 0.4 0.8 1.1 0.9 0.3 0.5 1.7 2.7 16.3 
 
Table 3.37: Final use 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 
Electricity 0 0 
 
Comparing the investment of the previous scenario 
3.4 Comparing Scenarios based on KENAK 
In this chapter, we are going to compare the efficiency, the cost and the payback period 
of the 3 scenarios according the existing building, in order to examine all the decision 
parameters that are very useful.  
As presented in the graph 3.38, the first and the second scenario consumes more energy 
than the third scenario. The difference although is covered by renewable energy 
sources. 
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Graph 3.38: Final Energy Consumption per use (kWh/m2) 
In the graph 3.39 is presented a summary of primary energy consumption for all the 
scenarios. From the analysis it is clear that in the first and the second scenario although 
that have more needs that the third scenario, can cover their demands based on the 
renewable’s energy production. 
 
Graph 3.39: Primary Energy Consumption (kWh/m2) 
The total intervention cost and pricing will be presented in the graph 3.40. The prices 
for the insulation of the external walls, the roofs and the basement, the heating and 
cooling systems, the renewables and the openings are calculated based on specific fi-


































Graph 3.40: Total Intervention Cost (euro) 
In this graph, the second scenario seems to have the lowest initial cost. The first scenario 
has the highest initial cost for renewables, because it has both solar panels and photo-
voltaics. The third scenario has also high initial cost because although the initial cost for 
photovoltaics is lower than the other scenarios, the cost for openings and insulation is 
higher than the other two scenarios. 
 
Graph 3.41: Final Use 
The graph 3.41 provides very important data. As it shown all the scenarios, finally, no 
matter the consumption, can cover the 100% of the energy demands. At this point it 
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must be mentioned that all the scenarios, despite the fact that can cover the 100% of 
their demands, cannot considered as real net zero buildings, but as zero cost energy 
buildings, because the renewables cover a signifiable demand of energy that the build-
ing consumes. The renewables as it mentioned before are connected to the grid (Net 
metering) and there is no energy storage. 
 
Graph 3.42: Annual Operational cost (euro) 
As, it mentioned before, in the graph 3.42 we can observe that the annual operational 
costs for the three scenarios are zero, and the annual operational cost, for the existing 
building is 3348,1 euro. Therefore, in each case, we save 3348,1 euro per year.  
 




Because all of the scenarios, have zero annual operational cost, it can be considered that 
all the buildings have achieved the energy target. Thus, the total comparison between 
the scenarios will be the payback period according to the existing’s building operational 
cost and the initial cost.  As it is shown in graph 3.43. Therefore, the second scenarios, 
seems to be the dominant. 
4 Retrofit based on Passive 
House 
After completing an analysis of the existing building and three retrofit scenarios follow-
ing the directions of TOTEE 2017, and based on the research and retrofit common prac-
tices will be presented three different scenarios of upgrading the existing building with 
the aim of zero consumption. It is time to make three more retrofit scenarios based on 
the passive house prototype. 
Scenario 1:  
In this scenario, following the basic principles of the passive house, will be a holistic up-
grade of the building in terms of shell, openings, mechanical ventilation and heating and 
cooling system. The basic aim of this scenario is to achieve the maximum reduction of 
the energy demand of the building, using properly passive systems, and to reduce the 
active systems usage. According to the buildings shell, following the passive house com-
mon practices, it is going to be made an extended analysis of the characteristics of the 
structural elements. The analysis also will be focused on thermal bridges and airtight-
ness of the building. As for the openings it will be an extended analysis too. Not only 
about the type and the characteristics of the frames but also about the type of glazing’s 
and the placement techniques.  Furthermore, it is going to be used a solar panel system 
for domestic hot water. 
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Scenario 2: 
 In this scenario, will make a greater investment in the building shell and openings to 
reduce the energy demand even more than in scenario1. Meanwhile the heating, cool-
ing, mechanical ventilation and solar system maintained. 
Scenario 3:  
In this scenario, once the goal of reducing the required energy demand has been 
achieved, a photovoltaic system will be used to make the building zero operational cost. 
Meanwhile all the interventions have been made in scenario1 maintained, but the solar 
panel system has been removed. 
The passive House standard  
A building constructed according to the standard " Passive House" is heated mainly by 
the sun and consumes up to 90% less energy than a corresponding conventional build-
ing. It is perfectly insulated and airtight with excellent indoor atmosphere  and plenty of 
natural lighting, with almost zero carbon dioxide emissions, and can be energy inde-
pendent. 
Passive House achieves a very large reduction in energy consumption for heating and 
cooling. 
The application of the standard results in: 
 Economic benefits, which help to reduce the operating costs of the building.  It is 
noted that the economic benefits come not only from the apparent reduction in 
the cost of energy consumption, but also from the increase in the value of the 
building, the improvement of the performance of mechanical equipment, the re-
duction of maintenance costs, etc. 
 Operational benefits, which help the management of the building to improve the 
levels of comfort, safety of its customers and employees or otherwise, to im-
prove its overall operation and efficiency and thus the service product provided. 
 Environmental benefits, mainly related to reducing emissions of CO2 and/or 
other pollutants (greenhouse gases), reducing energy needs at national level and 
conserving natural resources, while improving the environmental profile of the 






Graph 4.3: Typical chart of the Heat Flow in a Passive House (source Passipedia) 
The basic principles 
Interventions during the construction phase of the building, purpose among other 
things are to ensure a shell with excellent external insulation. 
 For all the structural elements U<0.150 - 0.250 W/m2K, these values based on 
the climate (warm, temperate, cool) for example the most areas in Greece are 
warm climate. 
 Excellent airtightness with index n50 ≤ 0.6h-1  
The n50 expresses the air changes of the volume of the building, e.g how many 
cubic meters of air leak through the shell, in relation to the volume of air en-
closed by the shell. That is, cubic meters of air that are exchanged (replaced) per 
cubic meter of indoor air per hour. That is, the volume of air leaking is divided 
by the volume of air enclosed by the shell. It is expressed in units 1 / h (which 
results from m3 / m3h). 
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 and exterior frames and glazing with index U< 0.80 – 1.50 W/m2K /., these val-
ues based on the climate (warm, temperate, cool) 
 Mechanical ventilation: The minimum requirement for certification of such sys-
tems is a heat recovery efficiency of 75% at a maximum electricity demand of 
0.45 Wh/m³. 
4.1 Scenario 1 
The existing building as, it studied in chapter2, has many weaknesses, and the retrofit 
and the specific demands of the passive house needs a holistic approach in order satis-
fies the criteria of the prototype. 
4.1.1 Envelope 
When talking about the envelope of a building we consider all the elements that sep-
arate the interior from the exterior. 
The first rule to minimize heat losses is to avoid thermal bridges as much as possible. 
To do so, the insulating layer has to be continuous. Moreover, it is essential to consider 
the heat transfer coefficient U of each building element.  
In order to meet the Passive House standard requirements, a maximum U value has 
been defined for each element. Obviously, the values will depend of the type of cli-
mate. 
 




The study and the correct application of thermal insulation is based on the optimal com-
bination of construction methods and materials, which give specific characteristics to 
the structural elements of the building. 
The construction of the thermal insulation of a building must be done according to cer-
tain conditions that depending on the location of the surface to be protected and the 
location of the insulation layer inside the construction (interior or exterior). It goes with-
out saying that moisture protection requirements cannot be ignored.  
For this reason, the problem of thermal insulation cannot be considered individually, but 
in combination with other requirements. 
The most vulnerable elements of a building that need thermal protection are: 
a. The roof, which has great heat losses, since they are the parts of the building that 
directly accept all the effects of weather conditions. 
b. Exterior walls, which are subject to a series of effects and which, depending on how 
they are constructed, cause large heat losses. The protection of the external walls can 
be done internally or externally, depending on the use of the spaces that prote ct and 
the basic part of their structure. 
In general, in all cases of side exterior walls, measures are taken for: 
• Protection of the thermal insulation material from condensation and dew, with a wa-
ter vapor barrier. 
• Preventing the infiltration of rainwater, which will result in irreparable damage to the 
thermal insulation material, and 
• Avoid the creation of thermal bridges that increase heat loss and create thermal 
stresses in the individual materials that compose the construction. 
Complementary from scraps is the drilling of different walls to require piping availability 
or other creations. Where the key is visible, extra care is taken to enforce the vulnerable 
requirements, from thermal appearance to humidity. 
In a passive house, we need to ensure a shell with excellent external insulation with 
index U<0.150 - 0.250 W/m2K.  
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The C zone of Greece is considered as a warm-Temperate climate so we choose to apply 
12 cm of expanded polystyrene as it shows in shape 4.5.  
New wall (existing wall & 12 cm of expanded polystyrene) 
 
Shape 4.5: New wall (existing wall & 12 cm of expanded polystyrene) 
Table 4.6: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1800 0.020 0.872 0.023 
2 Wall 1200 0.180 0.510 0.353 
3 Old Plaster 1800 0.020 0.872 0.023 
4 Expanded polystyrene 30 0.15 0.032 4.688 
5 Plaster 1900 0.005 0.870 0.006 
   Σd=0.410 Ri=0.13-Ra=0.04 R=4,201  
 
The new a heat permeability of the external walls is U= 0.229[W/ (m2 ·Κ)]. According to 
table 4.6 and equation 2.24 
Accordingly, as the concrete beams are outer wall parts it is going to be applied an ex-
ternal layer of expanded polystyrene as it is presented in shape 4.7. 





Shape 4.7: New concert beam (Existing beam & 12cm expanded Polystyrene) 
Table 4.8: U value calculation  
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1800 0.020 0.872 0.023 
2 Concrete 2400 0.4 2.035 0.197 
3 Old Plaster 1800 0.020 0.872 0.023 
4 Expanded polystyrene 30 0.12 0.032 4.016 
5 Plaster 1900 0.005 0.870 0.023 
   Σd=0.566 Ri=0.13-Ra=0.04 R=5.264 
 
 
The new a heat permeability of the external walls is U= 0.240[W/ (m2 ·Κ)]. According to 
table 4.8 and equation 2.24 
The roof is the weak point of the building. We use as in the previous scenarios extruded 
polystyrene, but because of its thermal characteristics a layer of 20cm of insulation will 
be applied as it presented in shape 4.9: 
New Roof (Existing Roof & 20cm of extruded polystyrene)  
 
Shape 4.9: Cross section of the New Roof  
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Table 4.10: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 
1 Plaster 1800 0.02 0.870 0.023 
2 Concrete 2400 0.2 2500 0.080 
3 Lightweight Concrete 500 0.05 0.349 0.143 
4 Cement Mortar 1800 0.020 0.870 0.023 
5 XPS 35 0.2 0.041 4.878 
7 Waterproof layer 1000 0.01 0.174 0.057 
8 Ceramic tiles 1200 0.040 0.581 0.069 
   Σd=0.49 Ri=0.10-Ra=0.04 R=5.273 
 
 
The new a heat permeability of the roof is U= 0.178[W/ (m2 ·Κ)]. According to table 4.10 
and equation 2.24 
The floor is attached to the unheated basement, so it is decided to applied the less width 
of insulation, but it still must be well insulated. Thus, we are going to apply 10 cm of 
expanded polystyrene as it presented in shape 4.11. 
New Floor in contact with unheated basement (Existing basement & 10cm expanded  
polystyrene) 
 
Shape 4.11:  Cross section of the New Floor in contact with unheated basement  
Table 4.12: U value calculation (source:4Μ-ΤΕΕ ΚΕΝΑΚ Library) 
A/A Layers of Structural Element Density ρ Thickness d coefficient of thermal conductivity λ d/λ 
  kg/m3 m W/(mK) (m²K)/W 




2 Plaster 1800 0.020 0.870 0.023 
3 Reinforced Concrete 2400 0.150 2.5 0.060 
3 Expanded Polystyrene 15 0.1 0.032 2.5 
4 Plaster 1900 0.020 0.872 0.023 
   Σd=0.335 Ri=0.17-Ra=0.17 R=2.819  
 
The new a heat permeability of the external walls is U= 0.282[W/ (m2 ·Κ)]. 
According to table 4.12 and equation 2.24 
4.1.2 Openings 
 
Shape 4.13: Openings (source: Passive House Institute) 
The openings are one of the most vulnerable elements of a building.  To limit thermal 
losses, the frame-trapping joints must be completely impervious to the air. The materi-
als that make up the clasp (wood, aluminum, plastic) are of high quality in order to avoid 
leaf deformations. In addition, the openings should have a low coefficient of heat per-
meability. 
The placement, dimensioning and typology of frames is a particular problem with many 
parameters (PHI, 2020), such as: 








• Energy benefits 
• Energy losses 
The frames are side effects of the building and means of contact with the environment, 
therefore elements from which energy can escape. Therefore, their role in energy con-
sumption for heating and cooling of spaces is important. In winter heat is lost from the 
inside out while in summer heat enters the interior from the warm outdoor environ-
ment. This process can be minimized by the use of properly constructed, energy efficient 
frames. These frames should have glazing and frames with good thermal insulation 
properties and, in addition, should be airtight in order to prevent heat from escaping 
from cracks which can bring significant heat losses, as observed in old buildings or poorly 
constructed buildings. 
Frames: 
In terms of frame construction material, aluminum frames have the greatest thermal 
losses, unless there is a thermal break located at the core of the aluminum pro-
file. Wooden and synthetic frames have a low coefficient of heat permeability and there-
fore prevent heat escape. 
Shutters: 
The shutters used in windows, whenever used, are similarly wooden, aluminum and syn-
thetic in typologies such as external or internal openings, sliding and shutters. 
The boxes of rolls must be insulated internally and the sheets of the rolls if they are 
plastic must be filled with insulating foam. Particular importance should be given to their 
position in relation to the thickness of the masonry. Thus, windows are preferred which 





The use of double or triple glazing with a low thermal emission factor and with thermal 
insulating gas in the gap, offer in addition to thermal insulation and sound protection. It 
should also be stressed, however, that the rational use of frames and beetroots by users 
can contribute multiple benefits to energy saving in buildings, as well as to their cooling 
in combination with various other architectural elements of the building such as pergo-
las, shaded etc. 
As it can observed, from the sketch, the building has the most of its openings to the 
West and East. So, we must minimize the loads during Summer and find a way to take 
advantage of the solar gains during Winter. This can happen by using suitable shadings 
and customize the g factor of the glasses in each orientation to minimize or take ad-
vantage from the sun. As it is presented in shapes 4.14- 4.19 
West  
 
Shape 4.14: Ground Floor 
 
Shape 4.15: First Floor 
East 
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Shape 4.16:  Ground Floor 
 
Shape 4.17:  First Floor 
South 
 
Shape 4.18:  Ground Floor 
 




As the passive house prototype suggest, the exterior frames and glazing must have a 
thermo permeability that varies between   U< 0.80 – 1.50 W/m2K / according to the 
climate, in this case we consider the climate zone C, as Warm- Temperate, so we choose 
to use a certified passive component for warm- temperate climates. 
Before the frame was placed in the finally formed opening, a special airtight tape was 
placed around its fixed frame. After the installation and mechanical fastening of the 
frame on the wall, these strips were glued to the masonry with special silicone and then 
plastered. In pictures 4.20,4.21,4.20 it is presented a common practice of placing the 
openings in a typical passive house.  
The cost of these tapes, is 75 euro per 25meters length (source: www.siga-store.com) 
 
Picture 4.20: Airtight tapes (source: siga.swiss) 
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Picture 4.21: Example of placement in a typical passive house (Source: SDAC STUDIO) 
 
Picture 4.22: Example of placement in a typical passive house (Source: Passive House maga-
zine) 
Thus, the following windows, are chosen: 
These frames, according to the prototype are certified for a passive house in warm or 
temperate climate zone. (The certification of the characteristics of the windows as pre-
sented on table 4.23, 4.24 will be implemented in Appendix)  





Table 4.23: Windows and glasses characteristics- East and West(To avoid cooling loads in Sum-
mer) 
Type PVC ALUPLAST ENERGETO 8000 PASSIVE  
Uf of the Frame 0.85 W/m2K 
Type of Glass 
Triple Glazed 48 mm (4-18-4-18-4) with Argon 90% 
Ug of the Glass 0.5 W/m2K 
g of the glass horizontal 0.216 
g of the glass 0.30 
linear joint thermal permeability of frame and glass Ψg 0.01 W/mK 
average frame width 0.076 m 
 
Table 4.24: Windows and glasses characteristics -South (To take advantage of the Sun in 
winter) 
Type PVC ALUPLAST ENERGETO 8000 PASSIVE 
Uf of the Frame 0.85 W/m2K 
Type of Glass Triple Glazed 58mm (10-18-6-18-6) with Argon 
Ug of the Glass 0.6 W/m2K 
g of the glass horizontal 0.67 
g of the glass 0.58 
linear joint thermal permeability of frame and glass Ψg 0.01 W/mK 
average frame width 0.076 m 
 
These choices to apply different type of glasses, in different orientations  are tested with 
4M- TEE KENAK in three different scenarios.  
 First Scenario: Glass with g=0.30, in all orientations 
 Second Scenario: Glass with g=0.58, in all orientations 
 Third Scenario: Glass with g=0.58 South orientation, g=0,30 in all the rest  
(All the glass characteristics are taken from https://calumenlive.com/ ) 
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Graph 4.25: Primary energy per final use (kWh/M2) 
In this graph, we can observe that the study of the different type of glasses, can save in 
our case from 0,2 to 0,8 (kWh/m2) for cooling and heating. 
(all calculations of primary energy consumption are required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building.) 
4.1.3 Thermal Bridges 
 




Thermal bridges are the positions in the shell of a building that appears as it is shown in 
shape 4.26, in relation to their neighbors, differentiation in the thermal resistance of the 
building blocks either due to the discontinuity of the thermal insulation layer, or due to 
the differentiation of the material along the building block, or due to a change in the 
geometry of the cross section. In these positions there is a change in heat f low and in-
ternal surface temperature relative to their neighbors.  
Thermal bridges are the "weak" points of the building enclosure and act aggravatingly 
on its thermal protection. They affect its energy behavior and reduce the sense of ther-
mal comfort inside the space. They often end up being consuls of various damages and 
disasters, sometimes insignificant and insignificant, but mostly dangerous and seri-
ous. Most damage is due to the surface condensation of water vapor, due to the drop 
in the surface temperature of the building blocks to a value below the dew temperature. 
Studies have shown that thermal bridges increase on average the actual energy con-
sumption of the total shell of the building compared to the theoretically calculated, con-
sidered thermal flow in the calculation by assumption as a one-dimensional size and 
vertical on the surface of the building element under consideration, at a rate ranging 
between 5% and 30%. This percentage range has to do with the size of the building, its 
geometric characteristics, its architectural elements and by extension with the number 
of thermal bridges displayed. 
Thermal bridges can be divided into two types: 
– in linear and 
– at point points. 
Linear thermal bridges have a uniform cross-section by one dimension and are due to 
the creation of positions in which the heat flow is strongly two-dimensional in nature 
and the assumption of one-dimensional heat flow ceases to apply. Point thermal bridges 
appear in the compounds of linear thermal bridges in which the heat flow has a three-
dimensional nature. Point thermal bridges have no dimension and their effect on ther-
mal exchanges is considered to be practically negligible, therefore they are not taken 
into account in the calculations. In contrast, linear thermal bridges are taken into ac-
count and compared to point bridges have a greater effect on the thermal behavior of 
the shell. 
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As to the causes of their creation, linear thermal bridges are divided into three types:  
– geometrical, 
– construction, 
– in combination with the above two types. 
Geometric thermal bridges are created in positions where the basic geometry of the 
building block ceases to be linear, e.g., in the vertical position of two external building 
blocks with the continuation of thermal insulation not interrupted (angle). In this case 
because the total external surface of the building blocks differs from the internal, in-
tense phenomena of two-dimensional heat flow develop. Depending on whether inter-
nal or external dimensions are used for thermal flow calculations, the value of the linear 
coefficient of the thermal bridge in question varies. In the case of the use of internal 
dimensions it receives positive values, while in the case of the use of external dimen-
sions negative acting in essence as a correction in the calculations of heat flows assum-
ing one-dimensional flow. 
The construction thermal bridges are created in positions where there is discontinuity 
of the thermal insulation material, e.g., in the positions of beam union with external 
thermal insulation and masonry with thermal insulation in the core. In this case, a strong 
two-dimensional heat flow develops in the area of discontinuity which leads to in-
creased thermal losses and a decrease in internal surface temperature.  In these thermal 
bridges the value of the linear coefficient of themal permeability is always positive. In 
many cases there is a combination of geometric and constructional thermal bridge, e.g., 
in a corner bracket thermally isolated externally in which two vertical walls with thermal 
insulation in the core are attached. In these cases, 
increased heat flows and reduced internal surface temperature while linear thermal per-
meability factor of the thermal bridge can take, even using external dimensions for cal-
culations of heat flows, negative, positive or zero value as appropriate. 
According to the passive house model, we must eliminate the thermal bridges.  
The following cross sections shows how we apply the insulation to the structural ele-






Shape 4.27: Joint of the external wall with the terrace. (TGG, 2017b) 
 
 
Shape 4.28: Joint of the external wall with the Roof. (TGG, 2017b) 
 
 
Shape 4.29: Joints of the External Wall with the Window. (TGG, 2017b) 
The total thermal bridges as presented in shapes 4.27,4.28, 4.29 are the most typical 
thermal bridges in a passive house. 
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From the calculations of 4M-TEE KENAK : 
Table 4.30: Thermal insulation summary 











Thermal Bridges  - 11.9 
SUM 419.4 133.1 
[Σ(bxUxA)+Σ(bxΨxl)]/ΣA 0.317 
 
In order to check the thermal insulation of the building, it is needed to calculate the 
ration of A/V = 0.807 m-1   which means that from table 2.74 the maximum allowable 
Um,max =0.756 W/m2K 
Um=0.317 W/m2K <= Um,max=0.756 W/m2K from the equation 2.5 






Picture 4.31: Problem areas of air leakage in a home ventilation and blower door test being 
conducted, Source: (Ecohome, 2016) 
Airtightness is measured with each additional methodology and use of special equip-
ment (blower test = building airtightness test) it is shown in picture 4.31. During the test 
by making an extra fan one of the fastest in the building (door or window) and blowing 
(or sucking) creating a pressure difference of additional 50 Pascal new images (wind 
speed at a distance of 30 km / h). Drawing in the application, the air passes through the 
shell of the building. 
In order to achieve the necessary level of airtightness in a Passive Building, all the inner 
surfaces of the shell - vertical and horizontal - must be airtight as well as their 
joints. Also, special attention is paid to the installation of external frames and to all elec-
trical and hydraulic installations that penetrate the level of airtightness.  Special mem-
branes, strips and airtight collars are placed in these areas. 
In our building, the level of airtightness on the exterior walls and on the roof, plate is 
located on the inner surface of the shell and is the plaster.  Where the level of airtight-
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ness has been interrupted – frames, electrical and hydraulic piping passage holes, me-
chanical ventilation system routes – its continuity has been ensured in the following 
ways: 
At all points where a pipe penetrated the shell of the building, the continuity of the level 
of airtightness was ensured by the use of special airtight collars which were glued to the 
masonry with special strips and then plastered. 
Since all electrical installations are placed at the level of airtightness of the shell and in 
many places penetrate it, special attention and care was required in their installation by 
the workshop. In particular, all electrical boxes were placed in fresh plaster and carefully 















4.1.5 H.V.A.C  
Mechanical Ventilation  
 
Shape 4.32: Mechanical ventilation design 
In many studies that have been done so far it has been found that it is very difficult to 
ensure a ventilation that is comfortable, adequate and rational since the buildings are 
not equipped with a ventilation system, e.g., they do not have a ventilation opening that 
can be controlled and a conductor that extracts the air that needs to come out. the 
shape 4.32 is presenting a typical design strategy in a passive house.  
Thus, as a result: 
• Ventilation needs may vary depending on time and space.  On the other hand, ventila-
tion resulting from leaks of the sides and roofs cannot be controlled.  
• Wind speed and air temperature vary greatly throughout the year, regardless of ven-
tilation needs. Since the total amount of air leaks from the sides and roofs cannot be 
modified, ventilation increases as the wind and cold intensify.  
When the building is airtight, then the ventilation has excellent results throughout the 
building. There are also possibilities to arrange the air supply system by warm-up and 
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filtering. The air supply may be from a point where there is no contaminated air.  Today 
there are now air exchangers with an efficiency of up to 95% while very low consump-
tion. 
In order to find the type of fan required to ventilate a space, it is sufficient to multiply 
the volume of space by the number of changes per hour in which case the necessary 
volume of air per hour is obtained. The supply of the ventilator per hour should be 
greater than or equal to the volume of air required to ventilate the space or dwelling in 
which it will be used. The compression needs of a ventilator must cover the frictions that 
will be exerted on the air route from the entrance to the air to its exit into the open 
air. Pressure losses are the set of obstacles that will "brake" the airflow along the way. In 
order to ensure the proper operation of a ventilation, in addition to the correct pressure, 
the ventilator must meet two basic rules: 
1. The machine shall be positioned to the point where the best possible  
discharge of contaminated air. 
2. Fresh air shall come in sufficient quantities without disturbing the  
comfort side. 
The ventilation system that is going to be used is the Novus 450. This ventilation system 
is certificated by the passive house institute and it has the following characteri stics as it 
presented on table 4.34. The certification including the technical characteristics will be 
implemented in appendix. 
Ventilation System  
Table 4.34: Mechanical Ventilation system  
Ventilation system Novus 450 
Air flow range m3/h 140-348 
Heat recovery rate 89 % 
Specific electric power Wh/m3 0.29 
Efficiency ratio 0.71 
Humidity recovery 0 % 







Heating System  
 
Picture 4.35: Downsize heating systems (source: eipak) 
In order to dimension the heating system, we are going to calculate the heat losses with 
a study in accordance with ELOT EN 12831(ELOT,2013), using the equations 2.27-2.43 
According to the study the summary of the heat losses is 2984.21 W. According to the 
study the 1594 W are caused because of the thermo permeability of the envelope, 736 
W are caused because of the thermal bridges and 292 W are caused of the ventilation. 
Adding the expected losses through the heating system equal to 0.05 % and the distri-
bution system 0.07% the total heat losses calculated as 3352,75 W. 
Given that, we tried to make an excellent building envelope perfectly shielded, we are 
going to apply just two split type air condition, just to preheat the house.  
As it is shown in picture 4.35. 
The technical characteristics of the heating systems are presented on table 4.36 and   
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Cooling System  
Accordingly, with the heating system, in order to dimension the cooling system, we are 
going to calculate the cooling loads with a study in accordance with ASHRAE RTS follow-
ing the equations 2.44-2.63. 
According to the study the summary of the cooling loads is 1850 W. Adding the expected 
losses through the heating system equal to 0.05 % and the distribution system 0.015% 
the total heat losses calculated as 1962 W. 
Thus, because of the split type units that we are going to apply as heating system, we 
are going to use the same for cooling. The technical characteristics of the cooling system 
will be implemented in appendix on the technical brochure of the manufacturers and 
are presenting on table 4.37 
Table 4.37: Cooling System  
2 Panasonic Split type air unit CS-FZ25WKE A++ 
Power(kW) 2.5 
EER: 3.3 
Fuel                                Electricity 
Cooling distribution network Insulation equal to the radius of the pipe  
Cooling power transferred by the distribution network (kW): 2.5 
Cooling Efficiency of the Distribution Network  98.5% 
Terminal Units  Local Heat Pumps 
 
2 Panasonic Split type air unit CS-FZ25WKE A++ 
Power(kW) 2.5 
COP 4.2 
Fuel                                Electricity 
Delivery temperature of hot medium in the distribution net-
work (°C)  
Insulation according to TOTEE 
Heating Efficiency of the Distribution Network 98.5% 




Domestic Hot Water Systems 
In a passive house, there are not so many things to do to reduce the demands of the 
energy of domestic hot water. Thus, are going to apply a heat pump of. The characteris-
tics of this system are presented on table 4.38 and the technical brochure of the manu-
facturer will be presented in appendix. 
Table 4.38: Domestic Hot Water System (Source: Panasonic technical product sheet) 
Heat Pump KIT-WC05H3E5 
Power(kW) 5.0 
COP (W/W) 4.63 
Fuel                                Electricity 
Cooling distribution network Insulation equal to the radius of the pipe  
Cooling power transferred by the distribution network (kW): 3.3 
Cooling Efficiency of the Distribution Network  98.5% 




Because we need to reduce the primary energy use for the domestic hot water, we are 
going to use solar panel system, to take advantage from the Solar power.  
Calculating again 50 L of hot water for each person, and 1 m2 of solar panel, for this 
building we need 4 m2 of solar panels. 
Table 4.39: Compact solar panel system (Source: Panasonic technical product sheet) 
     Solar Panels  Cosmosolar EPI 25 CS 
Type of Solar Panel Compact 
Solar Panel Use DHW 
Degree of Solar Utilization for DHW (%):  33.8 












(Calculation of primary energy consumption is required by carrying out an energy study, 
in accordance with the methodology referred to in Articles 4 and 5 of the K.E.N.A.K., in 
order to determine the energy efficiency and classification of the buil ding.) 
Table 4.40: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      40,0 3.6 
Cooling 29 8.9 
DHW 28,2 4.7 
Renewables 0.0 0 
Sum                                      97,2 17.2 
 
Table 4.41: Required Loads for Heating and Cooling (kWh/m²) 
Required Loads for Heating and Cooling (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 0.2 0.1 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.1 0.4 
Cooling 0.00 0.00 0.00 0.00 0.00 4.7 5.4 5,1 0.00 0.00 0.00 0.00 15,2 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 1.9 2.3 21.6 
Solar Panel Area (m²):  4 (2 panels 2m2 each) 
Solar Panel Inclination (°):  45 
Solar Panel Orientation (°):  180 
Boiler 200L 




Table 4.42: Final Energy Consumption per Final Use (kWh/m²) 
Final Energy Consumption per Final Use (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 0.2 0.2 0.2 0.2 0.00 0.00 0.00 0.00 0.00 0.2 0.2 0.2 1.2 
Cooling 0.00 0.00 0.00 0.00 0.2 0.9 1.0 0.9 0.2 0.00 0.00 0.00 3.1 
DHW 0.3 0.3 0.2 0.2 0.1 0 0 0 0 0.1 0.2 0.3 1.8 
Solar Power for DHW 0.8 0.8 1.0 1.1 1.2 1.3 1.4 1.4 1.2 1.0 0.8 0.7 12.7 
Sum 0.5 0.4 0.4 0.3 0.3 0.9 1.0 0.9 0.2 0.3 0.4 0.6 6.1 
 
Table 4.43: Final Use 
 
Although that the mechanical ventilation for the passive house prototype is a mandatory 
requirement, for the reasons that mentioned before, according to TOTEE 2017, for a 
residential building it is not a requirement. Thus, the algorithm of KENAK is calculating 
the use of the mechanical ventilation and the heat recovery as heat loss. Therefore, the 
model has simulated again, without this system and the results are the following. 
Table 4.44: Primary Energy Consumption (kWh/m²), of the 1st scenario without mechanical 
ventilation system 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      34,2 1,9 
Cooling                                      16,3 5,8 
DHW 28,2 4.7 
Renewables 0.0 0 
Sum                                      78,8 12,4 
 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 
Electricity 6.1 6,5 
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According to this result and the algorithm that is used for the simulation, the heat loss 
from the mechanical ventilation, is about 4,8 kWh/m2. Despite that fact, all the calcula-
tions that will address the passive house model are going to be with the mechanical 
ventilation. 
To conclude, the tables 4.40,4.41,4.42,4.43,4.44 are presenting the results of the simu-
lation of the model and the shape 4.42 is representing the classi fication of the building 
as A+. 
 
Shape 4.45: Classification Categories classified by consumption according to the Technical Di-
rective (TOTEE,2017) 
4.2 Scenario 2 
Although, that the results of the first scenario, proves that our building is very well insu-
lated, in this scenario we are going to add some extra insulation at the external walls, in 
order to examine the effect of the extra insulation. 
Therefore, now we have decided to use a layer of 15 cm of extruded polystyrene on 
these structural elements and the new a heat permeability of the walls, is U= 0.188[W/ 
(m2 ·Κ)] and U= 0.184 [W/ (m2 ·Κ)] for the concrete beams respectively. All the calcula-
tions are according the equation 2.24. 
As for the roof and the basement we are not going to do any changes, because it is 




4.2.1 Results  
(all calculations of primary energy consumption are required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building. ) 
Table 4.46: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      40 3.4 
Cooling 29 8.9 
DHW 28,2 4.7 
Renewables 0.0 0 
Sum                                      97,9 17 
 
Table 4.47: Required Loads for Heating and Cooling (kWh/m²) 
Required Loads for Heating and Cooling (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 0.1 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.0 0.1 0,2 
Cooling 0.00 0.00 0.00 0.00 0.00 4.5 5.3 5.0 0.00 0.00 0.00 0.00 14.8 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 1.9 2.3 21.6 
 
Table 4.48: Final Energy Consumption per Final Use (kWh/m²) 
Final Energy Consumption per Final Use (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 0.3 0.2 0.2 0.2 0.00 0.00 0.00 0.00 0.00 0.2 0.2 0.2 1.2 
Cooling 0.00 0.00 0.00 0.00 0.2 0.9 0.9 0.9 0.2 0.00 0.00 0.00 3.0 
DHW 0.3 0.3 0.2 0.2 0.1 0 0 0 0 0.1 0.2 0.3 1.8 
Solar Power for DHW 0.8 0.8 1.0 1.1 1.2 1.3 1.4 1.4 1.2 1.0 0.8 0.7 12.7 
Sum 0.6 0.5 0.4 0.3 0.3 0.9 1 0.9 0.2 0.3 0.4 0.7 6 
Table 4.49: Final Use 
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To sum up, the tables 4.46, 4.47, 4.48 and 4.49 are summarizing the results of the sim-
ulation of this scenario and the shape 4.50 is presenting the classification of the scenario 
according to the KENAK as A+ 
 
Shape 4.50: Classification Categories classified by consumption according to the Technical Di-
rective (TOTEE,2017) 
4.3 Scenario 3 
Based to the first scenario, although that the results were very encouraging, we are go-
ing to maintain the same interventions, but in this scenario, we have to try to make our 
building even better. Therefore, we will apply a suitable photovoltaic system to our 
building facing the south. 
In order, to cover the small amount of energy that consumes our building, we choosing 
to apply a photovoltaic system of 1,5 kW power. The photovoltaic system for simplicity, 
is the same type as the systems that were used on the previous KENAK scenarios, but in 
smaller scale.    
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 





(calculations of primary energy consumption is required by carrying out an energy study, 
in accordance with the methodology referred to in Articles 4 and 5 of the K.E.N.A.K., in 
order to determine the energy efficiency and classification of the building. ) 
Table 4.51: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      4 3,6 
Cooling 29 8,9 
DHW 28,2 12,6 
Renewables 0.0                                       25,5 
Sum                                     98.2 -0,5 
 
Table 4.52: Required Loads for Heating and Cooling (kWh/m²) 
Required Loads for Heating and Cooling (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 0.2 0.1 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.1 0.4 
Cooling 0.00 0.00 0.00 0.00 0.00 4.7 5.4 5,1 0.00 0.00 0.00 0.00 15,2 
DHW 2.4 2.1 2.2 1.9 1.7 1.4 1.3 1.3 1.4 1.7 1.9 2.3 21.6 
 
Table 4.53: Final Energy Consumption per Final Use (kWh/m²) 
Final Energy Consumption per Final Use (kWh/m²) 
Months JAN FEBB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC SUM 
Heating 0.2 0.2 0.2 0.2 0.00 0.00 0.00 0.00 0.00 0.2 0.2 0.2 1.2 
Cooling 0.00 0.00 0.00 0.00 0.2 0.9 1.0 0.9 0.2 0.00 0.00 0.00 3.1 
DHW 0.5 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.5 4.3 
Renewables 0.6 0.6 0.7 0.8 0.9 0.9 1.0 1.0 0.8 0.7 0.6 0.5 9.0 
Sum 0.7 0.6 0.6 0.5 0.5 1.1 1.2 1.2 0.4 0.5 0.6 0.7 8.6 
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Table 4.54: Final Use 
 
Following the KENAK method the tables 4.51,4.52,4.53,4.54 are summarizing the re-
sults of the simulation with the software and the shape 4.55 is presenting the classifi-
cation of the scenario as A+. 
 
Shape 4.55: Classification Categories classified by consumption according to the Technical Di-
rective (TOTEE,2017) 
Final Use Energy Consumption (kWh/m²) CO2 Emissions (kg/year/m²) 




4.4 Comparison of the proposed Passive House 
scenarios 
 
Graph 4.56: Primary energy consumption per final use (kWh/m2) 
As it shown from the graph 4.56, all the scenarios demand a small amount of energy. 
The second scenario, seems to have the less interest, because according to the results, 
the extra insulation seems to provide non-significant energy consumption . As for the 
third scenario, with a small power of a photovoltaic system, this building can be a net 
zero operational cost. 
 
Graph 4.57: Final energy consumption per final use (kWh/m2) 
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As it is presented on the Graph 4.57, the building in all the scenarios, consume energy 
for cooling and for DHW. These results make sense if we consider the wrong orientation 
of the building and the fact that for the domestic hot water, there are less things to do, 
and only to provide “clear energy” in order to cover the demands in a high percentage.  
 
Graph 4.58: Final use 
This graph 4.58, shows the final energy that every building consumes, in accordance with 
the emissions. It is clear that even the simple model of a passive house that has no pho-
tovoltaics, is very effective in the reduction of the energy consume, and has a very small 
impact to the environment.  
 
Graph 4.59: Investment cost 
As it can be observed in graph 4.59 the first scenario has the lowest initial cost, the second and 






Graph 4.60: Payback period 
As for the Payback period, the third scenario is the winner as it is observed in graph 4.60. How-
ever, the difference between the three scenarios is very small as the interventions made in the 
second and third scenarios are not extended and targeted to meet the requirements of the 
building. 
 
Graph 4.61: Annual operational cost (euro) 
Αs we can see in graph 4.61 from the very first scenario of the passive building the op-
erating costs are very low, although it does not use renewable energy sources 
The first and the second scenario has reduced its operational costs up to 92% in com-
parison with the existing building. The third scenario is very interesting also because the 
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only extra intervention in comparison with the first scenario is the photovoltaic system. 
The extra cost of this system is 2100 euro and the payback period of this investment is 
about 8,5 years. 
1 Comparing the dominant 
Scenarios 
The two dominant scenarios, are the second from the scenarios based on KENAK, and 
as for the scenarios based on Passive house the dominant scenario is the third.  
Comparing these two scenarios the following results are presenting in graph 4.62 and 
4.63. 
 
Graph 4.62: Primary energy consumption (kWh/m2) 
As we can observe from the graph, despite the fact that both of the two models are net 
zero operational cost buildings, the behavior of the two models are very different. The 
model that is based on the KENAK, has more than the double energy needs, that the 





Graph 4.63: Final energy consumption per final use (kWh/m2) 
This graph, is presenting the final energy consumption per final uses, which means that 
provide to us very important data about the efficiency of the systems that used in each 
building. According to the results that presented in graph 4.62 and 4.63 the ratio be-
tween the final energy consumption and the primary energy consumption for the two 
models is almost the same, despite the fact that the scenario that based on KENAK has 
more complicated and expensive active systems as it presented above.  
 
Graph 4.64: Payback period 
As it can be observed from graph 4.64, both of the two scenarios have a satisfying payback pe-
riod, and almost the same.  
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5.1 Comparing the dominant Scenarios in differ-
ent climatic zones 
A very important, factor in order, to extract safer data about the two prototypes, is to 
simulate the two models in different climatic zone in Greece and test the results.  The 
two zones will be A and D, in order to study the buildings in the hottest and the coldest 
climate in Greece. 
(All calculations of primary energy consumption are required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building. ) 
Passive in Crete 
 
Table 4.65: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      11,7 3,3 
Cooling                                       28 11,1 
DHW 24,6 12,1 
Renewables 0.0                                       27,1 
Sum                                     64,3 -1,6 
   
 
Passive in Florina 
Table 4.66: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      54 4,6 
Cooling                                      24,8 7,8 




Renewables 0.0                                       25,7 
Sum                                     108,9 0,1 
 
KENAK In Crete  
Table 4.67: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      17,3 5,5 
Cooling                                       26,9 15,6 
DHW 26,3 12,6 
Renewables 0.0                                       62,4 
Sum                                     70,5 -28,9 
 
KENAK in Florina  
Table 4.68: Primary Energy Consumption (kWh/m²) 
Final Use Primary Energy Consumption (kWh/m²) 
 
 Reference Building Selected Building 
Heating                                      93,5 59 
Cooling                                       10,2 4,9 
DHW 32,2 15,4 
Renewables 0.0                                       53,5 
Sum                                     135,9 25,9 
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Graph 4.69: Primary energy consumption per final use (kWh/m2) 
As it can observed, from the graph 4.69, taking the most extreme climatic conditions in 
Greece, the model that based on KENAK has significant fluctuations. For example, in 
Crete the model uses almost the same energy for heating with the Passive, but in Florina 
needs ten times more energy for heating. As for the cooling in Florina the KENAK model 
needs three times less energy for cooling than in Crete.  
On the other hand, as it is clear the passive house model seems to be more flexible as 
“safer” as model for all the climatic conditions, due to the fact that has almost the same 
demands for Heating and Cooling in all climates in Greece. This result is due to the fact 
that the passive building is based on a strong shell which is efficient in all climates in 
Greece and does not require specialized active systems to meet its needs.  
2 CONCLUSIONS 
Τhis study deals with the analysis of two different energy prototypes  of an existing build-




 The scope of this retrofit is to provide results for the safest, and most profitable way to 
achieve this building to consider as a nearly zero energy. Following the regulations of 
the prototypes of the creek energy efficiency legislation KENAK and the Passive House, 
with a wide analysis of all the elements, using software’s GCAD and Fine were created 
several scenarios of each prototype and then compared (about the energy consump-
tions, the operational costs, and the payback period of the initials costs) with each other, 
not only in a specific climate zone but also in the most extreme parts of the country.  
All calculations of primary energy consumption are required by carrying out an energy 
study, in accordance with the methodology referred to in Articles 4 and 5 of the 
K.E.N.A.K., in order to determine the energy efficiency and classification of the building  
Scenarios. Because of the different regulations of the two methodologies, some details 
that the algorithm of K.E.N.A.K does not take into account are mentioned.  
It should be mentioned that the assumed interventions are in line with the relevant lit-
erature, taking into consideration the climatic conditions and the buildings weaknesses 
e.g (orientation, architectural, microclimate) 
The scenarios that formulated, have particular interest, because the two models pay 
attention in different elements. Calculations indicate that the building could be up-
graded to a nearly zero energy building both with the two approaches and as a net zero 
operational cost in all the climate zones of the Country. In this particular point the anal-
ysis acquires interest. The K.E.N.A.K model that designed for the Climatic zone C seems 
to have fluctuations, in the different climate zones. Although that its behavior remains 
efficient, it seems to use more the renewable energy sources for its energy balance, 
because of the shell loose restrictions. On the other hand, the passive model seems to 
be more stable, and uses less renewable energy sources, because of its minimum energy 
requirements even without the renewables. Also, according to the results, it seems that 
the passive house prototype is almost equally efficient in all climatic zones of Greece. 
To conclude, if the key question is which of the two approaches is closest and safer way 
to the net zero energy building, according to the result, the passive house seems to be 
the predominant. The lack of energy storage of the production via renewables in all of 
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the scenarios, lead us to the conclusion that the building that needs the minimum en-
ergy, can assumed more as a net zero compared to a building which has significantly 
higher requirements and especially in winter when the production of renewable energy 
sources is less than in Summer. 
For future research, the proposed approach could be implemented on different building 
types. Also, it would be interesting as a future approach, the use of different and more 
contemporary materials or active systems and renewables. Moreover, the calculation of 
the environmental impact of the presented approaches, on a Life Cycle basis, is also 
prospective. 
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Heat pump 5 kW – Manufacturers Certification 
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Mechanical Ventilation Certification 
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Photovoltaic Systems- Financial Offers 
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